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CLARIFICATION  AND  ADDENDUM  TO  ENR  DOCUMENT  NO.  Rym 


The  Economic  Impact  of  Proposed 
Regulation  R81-25: 

Prohibition  of  Chlorinated  Solvents 
in  Sanitary  Landfills 

by  Dames  &  Moore 

The  quantities  of  chlorinated  solvents  cited  in  this  report  as  124,000  gallons 
for  1982  and  410,000  gallons  for  1980  and  corresponding  interpretation  of 
these  quantities,  in  terms  of  costs  and  benefits,  should  be  regarded  as  a 
range  within  which  the  actual  quantities  are  expected  to  occur  rather  than 
estimated  absolute  quantities  for  the  respective  years. 

Page  19,  Figure  1  is  rather  confusing. 

It  should  be  noted  that  if  the  quantity  of  total  hazardous  wastes  and  chlori- 
nated solvents  are  bar  charted  using  the  same  scale  for  visual  comparison 
purposes,  bars  representing  chlorinated  solvents  will  be  hardly  recognizable. 

The  following  corrections  should  be  noted: 

1.  Page  21:  Landfill  #4  should  be  Davis  Junction/BFI 
(Fig.  2) 

2.  Page  24:  Most  of  the  chemical  formulas  are  incorrect 
(Table  1)  and  should  be  read  as  noted  on  attachment. 

3.  Page  51:  The  disposal  site  is  Joliet/ESL. 

4.  Page  68:  Reference  #67  -  the  name  is  NECHVATAL. 
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DEPARTMENT  OF  ENERGY  AND  NATURAL  RESOURCES 

ECONOMIC  TECHNICAL  ADVISORY  COMMITTEE 

Opinion 

The  Economic  Technical  Advisory  Committee  (ETAC)  has  reviewed  and  approved 
a  study  entitled:   The  Economic  Impact  of  Proposed  Regulation  R81-25:   Prohib- 
ition of  Chlorinated  Solvents  in  Sanitary  Landfills.   The  Committee  has  con- 
cluded that  this  study  meets  the  provisions  of  Public  Act  80-1218. 

Proposed  regulation  R81-25  was  filed  by  Citizens  For  A  Better  Environment 
(hereinafter  CBE)  to  ban  the  land filling  of  chlorinated  solvents  in  Illinois. 
As  filed,  the  proposed  rulemaking  is  based  on  the  following  conclusions  cited 
by  CBE: 

1.  Chlorinated  solvents  entering  the  environment  are  a  hazard  to 
human  health; 

2.  Landfilling  of  such  material  may  lead  to  their  release  into 
the  environment; 

3.  Alternatives  to  landfill  exist: 

4.  The  alternatives  present  a  lesser  hazard  to  the  environment 
than  landfilling. 

As  noted  in  this  report,  the  disposal  of  chlorinated  solvents  is  author- 

2 
ized  at  only  six  landfills  in  Illinois.   These  landfills  have  been  issued 

permits  to  receive  hazardous  wastes  by  the  Illinois  Environmental  Protection 
Agency  (hereinafter  IEPA) . 

The  consultants  derived  cost  estimates  of  implementing  the  proposed 
regulation  based  on  current  landfill  disposal  costs,  an  estimate  of  the 
quantities  of  waste  that  would  require  disposal,  and  the  examination  of 
feasible  alternatives  to  landfill  disposal  of  chlorinated  solvents. 

There  are  two  groups  that  will  bear  the  costs  of  the  proposed  regulation: 


the  generators  of  chlorinated  solvents  for  landfllling  disposal  and  the  owners 
and  operators  of  landfills  receiving  chlorinated  solvents  in  waste  streams. 
The  primary  economic  impact  on  the  first  group  will  be  to  increase  their  cost 
of  disposal,  an  increase  which  can  be  expected  to  be  passed  through  to  con- 
sumers whenever  possible.  The  consultants  estimate  that  current  cost  to  land- 
fill chlorinated  solvents  is  $90,000,  which  does  not  include  transportation 
costs.  This  figure"  translates  into  a  loss  of  revenue  by  landfill  operators 
to  dispose  of  chlorinated  solvents.  Of  the  five  landfills  currently  re- 
ceiving chlorinated  solvents  in  Illinois,  this  lost    revenue  ranges  from 
$500  to  558,200,  based  on  1982  volume  data.  This  revenue  loss  is  a  function 
of  the  volume  of  chlorinated  solvents  received  by  the  operator. 

The  State  of  Illinois  will  also  lose  revenues  by  tie  implementation  of 
this  proposed  regulation.   It  is  estimated  that  the  revenue  loss  to  the 
State  could  range  between  SI, 240  and  $4,100  per  year,  depending  upon  the 
volume  of  chlorinated  solvents  generated  but  not  landfilled. 

This  report  also  includes  an  assessment  of  the  benefits  that  could  be 
expected  should  the  proposed  regulation  be  adopted.   As  pointed  out  in  the 
report,  the  benefits  relating  to  human  life,  health  and  welfare  and  the  reduc- 
tion in  risk  could  not  be  quantified  due  to  the  lack  of  tangible  evidence  in 
the  record  relating  to  the  certainty  of  such  benefits.   Nevertheless,  poten- 
tial benefits  would  accrue  to  those  persons  residing  near,  or  working  at 
landfills,  to  owners  and  operators  of  firms  engaged  in  the  transportation  of 
hazardous  wastes.   Also,  there  is  the  possibility  that  a  reduction  in  risk 
would  accrue  to  the  populations  residing  near  landfills  currently  accepting 

chlorinated  solvents. 

It  should  be  noted  that  the  magnitude  of  potential  benefits  would  also 
include  the  reduced  risk  of  possible  contamination  of  sources  of  potable 


water.   Wastes  such  as  chlorinated  solvents  may  enter  such  water  supplies 
either  through  leaching  into  ground  water  or  by  runoff  into  surface  waters. 
Thus,  reduction  in  the  potential  for  ground  water  contamination  could  provide 
significant  benefits  through  the  avoidance  of  costs  to  cleanup  a  contaminated 
auquifier.   The  consultant  estimates  that  the  cost  associated  with  emergency 
containment  to  be  $3.2  million  per  site.   However,  it  should  be  acknowledged 
that  this  is  a  speculative  benefit  at  best. 

Finally,  the  State  may  experience  a  reduction  in  monitoring  costs 
ranging  between  $46,760  and  $43,900;  these  figures  depending  on  the  volume 
of  waste  generated.   No  significant  secondary  benefits  are  anticipated  to 
materialize  as  a  result  of  adoption  or  denial  of  proposed  regulation  R81-25. 

FOOTNOTES 


Proposed  Regulation  R81-25, 
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Based  on  available  information  at  the  time  this  study  was  being  prepared 
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EXECUTIVE  SUMMARY 

A  regulation  to  ban  the  landfil ling  of  chlorinated  solvents  in  Illinois 
has  been  proposed  by  Citizens  for  a  Better  Environment.  The  proposed 
rulemaking  has  been  identified  as  R81-25,  and  is  based  on  the  following 
conclusions  of  the  petitioner: 

1.  Chlorinated  solvents  entering  the  environment  are  a  hazard  to 
human  health; 

2.  Landfil 1 ing  of  such  material  may  lead  to  their  release  into  the 
envi  ronment ; 

3.  Alternatives  to  landfilling  exist;  and 

4.  The  alternatives  present  a  lesser  hazard  to  the  environment 
than  landfilling. 

The  quantity  of  waste  chlorinated  solvents  in  Illinois  disposed  in 
landfills  has  decreased  from  approximately  410,000  gallons  in  1980  to 
approximately  124,000  in  1982.  The  quantity  of  all  hazardous  wastes  disposed 
in  Illinois  landfills  has  decreased  by  nearly  70  percent  over  the  same  time 
period.  A  1982  ban  on  the  landfilling  of  all  free,  hazardous  liquids  and  the 
economic  recession  have  contributed  to  this  decrease. 

The  disposal  of  chlorinated  solvents  is  authorized  at  only  six  landfills 
in  Illinois.  These  landfills  nave  been  issued  permits  to  receive  nazardous 
wastes  by  the  Illinois  EPA.  Only  five,  nowever,  have  received  chlorinated 
solvents  during  1982,  and  all  are  located  within  200  miles  of  Chicago. 
Chlorinated  solvent  wastes  make  up  a  very  small  portion  of  the  wastes  disposed 
of  at  any  landfi 11 . 

Alternatives  to  the  land  disposal  of  chlorinated  solvents  include 
the  following  methods: 
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o  incineration; 

o  solvent   reclamation; 

o  wet  oxidation; 

o  coincineration; 

o  supercritical   water  reforming; 

o  deep  well    injection;   and 

o  solidification/encapsulation. 

Of  these  alternatives,  only  incineration  and  solvent  reclamation  facilities 
are  operational  and  permitted  to  receive  chlorinated  solvents  in  Illinois. 
There  is  abundant  excess  capacity  in  Illinois  to  accomodate  the  quantities  of 
chlorinated  solvents  currently  being  landfilled  using  either  method. 

If  the  proposed  ban  on  landfilling  chlorinated  solvents  is  adopted, 
the  generators  of  these  materials  would  reclaim  a  relatively  small  percentage 
(<20  percent)  and  incinerate  the  remainder.  This  is  because  of  the 
requirement  for  a  fairly  high-quality  solvent  stream  in  order  for  reclamation 
to  be  cost  effective  or  even  possible.  In  addition,  the  reclamation  process 
produces    a    chlorinated    solvent    sludge    as    a    waste    product,    and    this    sludge 

itself  must  be  incinerated. 

The    benefits    of    the    adoption    of    the    proposed    rulemaking    include 


the  following: 
o 


A  decrease  in  the  exposure  of  the  population  residing  near 
landfills  currently  accepting  chlorinated  solventst^rrlds1kSp^l 
to  those  wastes  and  a  concomitant  reduction  in  *h«  ™k  that 
their  health  may  be  impaired  as  a  result  of  tnese  wastes 
entering  the  environment. 

An  increase  in  the  revenues  of  firms  providing  solvent 
reclamation,     incineration,     and     transportation     services. 

A  decrease  in  the  administrative  expense  to  the  State  of 
Illinois  in  the  enforcement  and  monitoring  of  hazardous  waste 
regulations . 

Reduced  potential  for  potable  water  supply  contamination 
resulting  from  the  leaching  and  migration  of  wastes  from 
landfills. 
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o  A  decrease  in  the  liability  incurred  by  both  generators  of  the 
wastes  and  landfill  operators  by  reducing  the  potential  for 
environmental   degradation  from  these  wastes. 

o  An  increase  in  the  potential  serviceable  life  of  the  landfills 
currently  receiving  these  wastes. 

The  primary  costs  of  the  proposed  rulemaking  will  be  the  additional 
costs  of  disposal  of  chlorinated  solvents,  and  these  costs  will  be  borne 
by  the  generators  of  such  wastes.  Based  on  the  estimated  range  of  volume 
of  annual  waste  solvent  generated  in  Illinois,  the  incremental  costs  of 
alternatives  to  landfill ing  range  as  follows: 

$150,000  to  $1,150,000 
or 
$1.21/gallon  to  $2.80/gallon. 

Given  the  small  magnitude  of  primary  costs,  no  significant  secondary 
costs  are  perceived  as  likely  due  to  the  proposed  rulemaking.  Similarly,  no 
significant  secondary  benefits  are  foreseen,  either.  Finally,  no  significant 
effect  is  expected  on  such  things  as  the  availability  of  goods  and  services, 
agriculture,  or  local   government. 
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1.0      INTRODUCTION 
1.1      PROPOSED   REGULATION 

Citizens     for    a     Better    Environment,    a    nonprofit     Illinois    corporation 

composed    of    approximately    3,500    members    has    proposed    a     regulation    to    ban 

the    landfill ing    of    chlorinated    solvents    in    sanitary    landfills    in    Illinois. 

This   proposed   rulemaking   is   identified   as   R81-25.      Chlorinated  solvents    refer 

to   those  wastes   identified   by   the   Environmental    Protection   Agency's   Hazardous 

Waste  Numbers  F001  and  F002  which  are  defined  as: 

F001  -  The  following  spent  halogenated  solvents  used  in  degreasing: 
tetrachloroethylene,  tri chl oroethy 1 ene  ,  methylene  chloride, 
1 ,1,1-tnchloroethane,  carbon  tetrachloride,  and  chlorinated 
f 1 uorocarbons  and  sludges  from  the  recovery  of  these  solv- 
ents  in  degreasing  operations. 

F002  -  The  following  spent  halogenated  solvents:  tetrachloroethylene, 
methylene  chloride,  tnchloroethy  lene,  1,1,1-trichloroethanei 
chlorobenzene,  1 , 1 ,2-tri chl oto-1 ,2  ,2-t ri f 1 uoroethane, 
orthodichlorobenzene,  and  trichlorofluoro-methane;  and  the  still 
Dottoms  from  the  recovery  of  these  solvents. 

Sanitary  landfills  include  all  landfills  permitted  by  the  Illinois 
Environmental  Protection  Agency  to  receive  both  hazardous  and  nonhazardous 
wastes  in  Illinois.  The  proposed  regulation  would  therefore  ban  the  land 
disposal    of   the   above      halogenated   wastes    in   the   state  of    Illinois    (Ref   30). 

The  regulation  was  proposed  based  on  the  petitioner's  conclusions  that; 
(1)  chlorinated  solvents  would  be  hazardous  to  human  health  if  allowed  to 
enter  the  environment;  (2)  the  land  burial  of  the  solvents  may  lead  to  the 
release  of  these  substances  to  the  environment;  (3)  specific  technology 
exists  to  recycle,  recover  or  treat  these  wastes;  and  (4)  these  alternate 
technologies  will  present  a  lesser  hazard  to  the  environment  than  land  burial 
of  the  original   wastes   (Ref  47). 
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1.2  OVERVIEW  OF  LAND  DISPOSAL  PRACTICES  AND  ALTERNATIVES 

Current  practices  of  land  disposal  which  include  the  design  and 
operations  of  landfills  are  presented  in  Chapter  2.  The  exposure  of  improper 
disposal  practices  such  as  Love  Canal  and  Valley  of  the  Drums  has  made  the 
public  aware  of  the  consequences  of  the  contamination  of  ground  water,  soil 
and  air  by  the  hazardous  constituents  of  disposed  wastes. 

Some  chlorinated  solvents  have  been  found  to  be  carcinogens  by  the 
Carcinogen  Assessment  Group  of  the  United  States  Environmental  Protection 
Agency  (USEPA)  and  most  are  listed  as  priority  pollutants  under  Secion  307  of 
the  Clean  Water  Act.  Toxicology  data  are  presented  in  Chapter  2.  Most  of 
these  data  pertain  to  the  effects  on  humans  exposed  to  high  concentrations  or 
to  the  effects  on  animals,  rather  than  the  effects  of  exposure  to  lower 
concentrations  found  in  contaminated  ground  waters  and  soils. 

Regulations  under  the  Resource  Conservation  and  Recovery  Act  were 
promulgated  in  1980  to  minimize  the  potential  for  interaction  and  release 
of  hazardous  constituents  into  the  environment.   Requirements  specific 
to  landfills  concern  the  segregation  of  wastes  in  order  to  minimize  inter- 
actions and  the  use  of  a  suitable  barrier  such  as  a  liner  to  intercept  and 
contain  landfill  leachate.   Studies  of  long-term  exposure  of  liners  and/or 
solidification  and  encapsulation  materials  indicate  that  these  are  not 
failure-proof  and  that  they  tend  to  deteriorate  after  exposure  to  organic 
compounds  such  as  the  chlorinated  hydrocarbons  that  chlorinated  solvents  are 
made  of.   There  can  be  no  guarantee  that  chlorinated  solvents  will  not 
eventually  permeate  through  a  landfill,  the  liner  and  the  underlying  soils 
and  ground  water. 
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Alternatives  to  land  disposal  of  chlorinated  solvents  that  nave  been 
identified  in  current  literature  are  presented  in  Section  1.5.  These 
alternatives  include  solvent  reclamation,  incineration,  coi nci neration , 
wet  oxidation,  supercritical  water  reforming,  deep  well  injection  and  the 
solidification  or  encapsulation  of  wastes  prior  to  land  disposal. 

The  only  alternatives  currently  operational  and  permitted  to  receive 
chlorinated  solvents  in  Illinois  are  solvent  reclamation  and  incineration 
facilities.  There  are  three  incineration  facilities  currently  permitted  to 
receive  chlorinated  solvents.  Une  of  these  is  reported  to  nave  permitting 
and  operational  problems;  however,  the  remaining  two  facilities  have  ample 
capacity  to  handle  the  estimated  124,000  gallons  of  chlorinated  solvents 
currently  being  landfilled  in  Illinois  on  an  annual  basis.  The  estimated 
available  incinerator  capacity  for  chlorinated  solvents  in  Illinois  is  over 
3  million  gallons  per  year;  63,500  gallons  at  one  facility,  and  the  remainder 
at  an  SCA  incinerator. 

Discussions  with  solvent  reclaimers  in  Illinois  have  revealed  that  they 
have  more  than  enough  capacity  to  handle  the  estimated  124,000  gallons  of 
waste  solvents  as  long  as  they  are  in  liquid  form.  Results  of  the  Dames  & 
Moore  telephone  survey  indicate  that  there  is  a  remaining  capacity  of  at 
least  2-1/2  million  gallons  per  year  for  chlorinated  solvent  reclamation. 
However,  only  a  small  fraction  of  the  chlorinated  solvents  would  be  amenable 
to  recovery  and  the  relatively  large  quantity  of  sludge  produced  (55  percent 
of  the  original  waste)  requires  that  an  ultimate  destruction/disposal  option 
remain  in  operation.  In  addition,  air  emissions  of  chlorinated  compounds 
result  from  the  distillation,  storage  and  transfer  of  waste  chlorinated 
solvents  at  reclamation  facilities.  The  recycling  of  waste  solvents  results 
in  a  waste  volume  reduction  of  about  45  percent. 
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Incineration  drastically  reduces  the  potential  for  emissions  of 
chlorinated  solvents  to  the  environment.  Only  incinerators  which  operate  at  a 
minimum  of  99.99  percent  efficiency  are  allowed  to  dispose  of  chlorinated 
solvents  in  Illinois.  This  normally  requires  an  afterburner  and  scrubber 
equipment  to  control  air  emissions.  Waste  products  include  a  small  volume 
of  ash  or  slag  containing  heavy  metals,  a  wastewater  containing  salts  and  a 
neutralized  scrubber  solution.  Only  the  ash  contains  the  hazardous  heavy 
metal  constituents  which  must  be  landfilled  in  a  facility  permitted  to  receive 
hazardous  wastes. 

1.3  BENEFITS  OF  REGULATION 

The  proposed  regulation  to  oan  the  landfilling  of  chlorinated  solvents 
in  Illinois  by  the  Citizens  for  a  Better  Environment  was  based  on  perceived 
environmental  and  health  benefits  rather  than   any  resulting  economic 

benefits. 

Based  on  the  results  of  studies  of  the  permeabilities  of  clay  and 

synthetic  liners  in  landfills  and  of  the  currently  available  materials 

for  solidifcation  and  encapsulation,  it  appears  that  there  are  no  reliable 

methods  for  the  secure  land  disposal  of  chlorinated  solvents.  The  adsorption 

of  liquids  onto  solids  or  sorbents  prior  to  landfilling  does  not  prevent  the 

desorption  of  the  liquids  and  leachate  formation  once  in  place.   The  use  of 

alternatives  currently  available  in  Illinois  such  as  incineration  and  solvent 

reclamation  would  reduce  the  quantity  and  potential  for  release  of  chlorinated 

solvents  into  the  environment.   (These  alternatives  are  discussed  in  Section 

1.5).  Thus,  the  proposed  regulation  would  likely  benefit  the  people  of 
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Illinois  in  regard  to  health  and  the  environment.  It  is  difficult  to  quantify 
the  extent  of  this  benefit,  however. 

The  proposed  regulations  would  benefit  currently  operating  solvent 
reclaimers  and  incineration  facilities  that  are  permitted  to  receive 
chlorinated  solvents  due  to  the  increase  in  wastes  received  and  the  higher 
charges  associated  with  the  treatment  and  destruction  of  these  waste 
compounds.  The  regulation  would  also  encourage  the  development  of  new 
treatment  processes. 

The  ban  on  land  disposal  of  chlorinated  solvents  would  lessen  the 
probability  of  release  of  toxic  substances  and  resulting  litigation  of 
landfills  currently  disposing  these  wastes,  thereby  reducing  insurance  costs 
to  generators  and  landfill  owners  and  the  costs  of  meeting  the  stricter 
standards  to  be  enforced  in  the  future  on  the  design,  construction  and 
operation  of  landfills. 

1.4  COSTS  OF  REGULATION 

Generators  of  chlorinated  solvents  would  be  most  affected  by  this 
proposed  regulation,  with  landfill  owners  also  being  affected  but  to  a  lesser 
degree.  The  quantity  of  chlorinated  solvents  currently  being  landfi 1  led  on  an 
annual  basis  in  Illinois  is  estimated  to  be  124,000  gallons.  This  represents 
about  0.4  percent  of  the  total  quantity  of  hazardous  wastes  currently  being 
landfi lied;  an  insignificant  portion  of  the  potential  income  to  landfill 
owners.  Generators  will  "therefore  bear  the  increased  cost  of  disposal.  This 
cost  will  be  somewhat  offset  by  a  decrease  in  the  probability  of  litigation 
and  possible  clean-up  costs  associated  with  a  future  leaking  landfill  cell  and 
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by  whatever  savings  will  be  realized  on  the  relatively  small  fraction  of 
recyclable  solvents  being  reclaimed.  The  distribution  of  generators, 
landfills,  solvent  reclaimers,  and  incinerators  are  similar  so  that 
transportation  costs  would  not  be  greatly  affected. 

1.5  ALTERNATIVES  TO  LAND  DISPOSAL 

Several  possible  alternatives  to  landfilling  have  been  identified  in 
the  literature.   The  alternatives  differ  significantly  from  each  other  in 
efficiences  of  treatment,  waste  streams  produced,  stages  of  development 
from  planning  to  operation,  and  in  costs.   Alternatives  receiving  the 
most  publicity  include  solvent  reclamation,  incineration,  wet  oxidation, 
coincineration,  deep  well  injection,  and  solidification  techniques  in  which 
wastes  are  solidified  or  encapsulated  to  prevent  leachate  formation  and 
release.   A  close  review  of  these  processes  shows  that  wet  oxidation  will 
only  partially  destroy  chlorinated  orgamcs,  coincineration  of  fuel  with 
chlorinated  organics  is  basically  in  the  experimental  stage,  solidified  wastes 
are  subject  to  eventual  deterioration  by  organics  present  in  the  waste  and 
other  technologies  have  not  yet  been  proven  in  full  scale  demonstrations. 
Solvent  reclamation  processes  reclaim  approximately  half  of  the  waste 
chlorinated  solvent  received  and  generate  the  remaining  half  as  chlorinated 
waste  sludges.   Deep  well  injection  may  be  a  viable  alternative,  but 
construction  materials  must  be  compatible  with  the  solvent.   Incineration 
appears  to  be  the  only  full-scale  operating  destruction  technique  currently 
available  for  chlorinated  solvents.   The  alternatives  are  described  and 
discussed  below. 
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1.5.1  Solvent  Reclaiming/Reuse 

The  chlorinated  solvents  usually  reclaimed  by  industry  include  carbon 
tetrachloride,  f 1 uorocarbons ,  methylene  chloride,  perchl oroethyl ene 
(tetrachloroethylene),  trichloroethylene  and  1,1,1  tricnlorethane.  Cleaning 
operations,  which  include  dry  cleaning  and  metal  degreasing,  and  private 
contractors  operate  the  vast  majority  of  solvent  reclaiming  facilities. 
Private  contractors  vary  considerably  from  those  blending  waste  solvents  with 
raw  materials  to  produce  specialty  chemicals  to  those  who  buy  waste  solvents 
from  a  set  clientele  and  reclaim  and  sell  back  the  same  solvents  to  the 
same  customer  for  a  fraction  of  the  cost  of  a  virgin  solvent.  The  economic 
viability  of  solvent  reclaiming  depends  on  market  conditions,  demand  for  a 
given  solvent  and  the  degree  of  contamination  of  a  given  solvent.  The  cost  of 
recycling  varies  from  the  least  expensive  case  of  a  relatively  clean  single 
solvent  to  the  most  expensive  case  of  a  high  solids-  and  metals-containing 
solvent  mixture  which  under  normal  operating  conditions  would  not  be  recycled 
(Ref  83). 

The  reclaiming  process  for  liquid  solvents  may  be  broken  down  into 
the  three  separate  steps;  mechanical  separation,  distillation  and 
purification.  Some  of  these  steps  may  be  omitted  depending  on  the  type 
and  degree  of  contamination  of  the  waste  solvent.  The  process  is  the  same  for 
halogenated  and  non-halogenated  solvents.  Mechanical  separation  involves 
decanting,  filtering,  draining,  settling  or  the  use  of  a  centrifuge  to  remove 
solids  such  as  metal  fines  (Ref  83). 

Different  fractions  of  the  waste  solvent  are  separated  from  each  other 
on  the  basis  of  boiling  point  differences,  and  dissolved  impurities  are 
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removed  in  the  distillation  process.  The  distillation  process  varies  among 
solvent  reclaimers  and  operating  conditions  depend  upon  the  desired  purity  of 
the  finished  product  as  well  as  the  boiling  points  of  the  waste  solvent 
mixture.  After  distillation,  any  remaining  water  is  removed  from  the  solvent 
by  decanting  if  the  solvent  is  immiscible  in  water,  or  by  a  salting  process  in 
which  water  is  absorbed  into  a  calcium  chloride  bed  as  the  solvent  passes 
through.   Any  additives  such  as  buffers  are  then  added,  if  necessary,  as  the 

final  step  (Ref  83). 

Approximately  55  percent  of  the  waste  solvent  will  become  a  waste  sludge 
from  the  mechanical  separation  or  distillation  process  and  cannot  be  further 
reclaimed.  Solvent  reclaiming  can  therefore  be  thought  of  as  a  treatment  and 
waste  volume  reduction  process,  not  a  destruction  technique.  The  customer  of 
a  solvent  reclaiming  operation  can  expect  to  save  20-40  percent  of  the  cost  of 
a  virgin  solvent  but  is  limited  by  the  degree  of  contamination  and  the  type  of 
waste  solvent  being  generated  (Ref  24,  54,  83). 

1.5.2  Incineration 

The  USEPA  has  estimated  that  out  of  the  850  operating  incinerators  in 
the  United  States,  only  43  meet  the  following  RCRA  operating  requirements 
for  the  treatment  of  hazardous  wastes: 

o  99  99  percent  destruction  and  removal  efficiency  for  each  principal 
Organic  hazardous  compound  (POHC)  (these  include  the  chlorinated 
organics  in  chlorinated  solvents); 

o  99  Dercent  removal  of  hydrogen  chloride  from  the  exhaust  gas  for 
wast'es  containing  more  than  0.5  percent  organically  bound  chlorine 
(such  as  chlorinated  solvents);  and 

o  air  emission  limit  no  more  than  180  milligrams  particulate  matter 
per  dry  standard  cubic  meter  of  exhaust  gas. 
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Only  a  fraction  of  the  incinerators  that  meet  these  standards  are  commercial, 
off -site  units  (Ref  68). 

Incinerator  systems  vary  in  design  type  and  in  capability  to  handle 
different  waste  streams  depending  on  the  design  of  the  incinerator,  the 
presence  of  an  afterburner  and  the  presence  of  extensive  pollution  control 
equipment.  The  RCRA  operating  requirements  listed  above  may  limit  the  amount 
of  halogenated  compounds,  ash  content,  chlorine  content  and  metal  content 
acceptable  to  a  given  unit.  Wastes  high  in  these  contaminants  may  be  blended 
with  other  "cleaner"  wastes  to  meet  these  operating  conditions  in  some 
systems.  Inorganic  salts,  nitrogenous  compounds,  sulfur  and  phosphorous 
groups  which  may  cause  wear  and  corrosion  or  scaling  can  be  blended  to 
mitigate  wear  and  tear  on  incinerator  components.  Wastes  high  in  water  and 
having  a  low  energy  content  may  also  require  blending  with  other  wastes  or 
with  auxiliary  fuel  in  order  to  burn  at  a  high  enough  temperature  such  that 
toxic  compounds  can  be  destroyed  (Ref  97,  99). 

Incinerators  achieve  destruction  of  toxic  compounds  by  thermal 
decomposition  at  high  temperatures.  Thermal  decomposition  is  achieved 
primarily  by  oxidation  or  combustion,  and  is  aided  by  pyrolysis  or  the 
energy  supplied  by  heat  alone  without  the  presence  of  oxygen.  Pyrolysis 
breaks  down  some  toxic  compounds  into  non-hazardous  compounds  and  also 
rearranges  compounds  into  forms  which  are  more  easily  oxidized.  The 
performance  of  an  incinerator  in  destroying  hazardous  constituents  depends 
upon  the  maintenance  of  a  consistently  high  temperature  for  proper  oxidation, 
complete  mixing  of  fuel  and  air,  an  adequate  retention  time  and  a  proper 
oxygen  supply.  High  temperatures  and  long  retention  times  are  required  to 
destroy  chlorinated  solvents.   A  great  deal  of  attention  and  planning  is 
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required  in  order  to  properly  blend  halogenated  solvents  with  other  wastes 
or  with  auxilary  fuel  to  achieve  a  waste  blend  that  is  sufficient  in  energy 
value  and  low  enough  in  impurities  to  meet  the  operating  requirements  of  the 
specific  incinerator  (Ref  68,  74,  99). 

Several  types  of  incinerators  are  available.  These  include: 

o  rotary  kiln; 

o  liquid  injection; 

o     other     -  fluidized  bed; 

-  multiple  hearth; 

-  starved  air  combustion/pyrolysis;  and 

-  coincinerators. 

Liquid  injection  incinerators  account  for  more  than  80  percent  of  the 
operating  incinerators  in  the  United  States  today.  Approximately  9  percent 
of  operating  incinerators  are  rotary  kiln,  with  the  remaining  11  percent 
of  incinerators  being  fludized  bed,  multiple  hearth  or  pyrolysis  types. 
Coincineration  is  still  in  the  experimental  stage.  These  are  described  in 
more  detail    in  the  following  paragraphs   (Ref  68). 

Rotary  Kiln 

Rotary  kiln  incinerators  are  capable  of  treating  liquids,  solids  and 
sludges  in  bulk  or  in  drums.  The  versatility  of  the  rotary  kiln  is  the 
reason  that  it  is  most  frequently  used  for  commercial  off-site  units. 
Operating  temperatures  between  800  to  1600°C  and  resiaence  times  between 
seconds  and  hours  are  achievable   (Ref  48,  99). 

When  followed  by  an  afterburner  and  air  pollution  control  equipment, 
rotary  kilns  can  handle  all  types  of  halogenated  compounds  including 
chlorinated  solvents  and  organics  containing  phosphorus,  sulfur  and  silicones. 
Afterburners  are  normally  liquid  injection  incinerators  and  are  used  to 
provide    addtional     combustion    of    unourned    hydrocarbons    at    an    elevated 
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temperature.  Scrubbers  are  used  to  remove  particulates  and  acid  gases  such  as 
sulfuric  and  hydrochloric  acid  created  from  the  oxidation  of  sulfur  compounds 
or  chlorinated  hydrocarbons  in  the  waste  (Ref  14,  68). 

Liquid  Injection 

Liquid  injection  incinerators  require  pumpaDle  and  atomizable  feeds 
such  as  liquids  and  some  slurries.  The  vertically  designed  unit  allows 
for  the  destruction  of  wastes  high  in  inorganic  salts  and  ash,  while  the 
horizontal  system  is  more  limited.  Liquid  injection  systems  operate  at 
combustion  temperatures  between  660  to  1600°C  and  can  vary  in  residence 
times  from  a  fraction  of  a  second  to  two  seconds.  When  accompanied  by 
pollution  control  equipment,  liquid  incinerators  are  capable  of  receiving 
many  chlorinated  solvents  (Ref  68,  74). 

Other  Systems 

Fluidized  bed  incineration  is  applicable  to  most  types  of  organic 
wastes  and  accepts  solids,  liquids  and  gases.  It  is  capable  of  handling 
almost  any  waste  that  the  rotary  kiln  can,  however,  solid  wastes  must  be 
pretreated  prior  to  injection.  Operating  temperatures  can  vary  from  450 
to  1000°C  and  residence  time  can  vary  from  a  second  to  longer  periods  for 
solids  combustion  (Ref  48,  74). 

Multiple  hearth  types  are  mainly  used  for  sewage  sludge,  solids  and 
sludges.  They  operate  between  315  to  1000°C  and  from  0.25  to  1.5  hours. 
They  are  capable  of  handling  the  same  hazardous  wastes  as  rotary  kilns  which 
allow  for  pretreatment  of  solids.  A  secondary  combustion  cnamber  is  probably 
necessary  and  different  operating  temperatures  might  be  necessary  for  the 
treatment  of  hazardous  wastes.  Starved  air  combustion/pyrolysis  units  cannot 
treat  chlorinated  compounds  (Ref  48,  74). 
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Coincineration 

Coincineration  is  the  substitution  of  wastes  for  fuel  in  the  generation 
of  energy  and  is  therefore  currently  exempt  from  KCRA  regulations  due  to  its 
status  as  a  reclamation/re-use/recycling  process.  The  major  candidates  for 
coincineration  are  waste  heat  boilers  and  cement  kilns,  the  latter  having  the 
greatest  potential  for  chlorinated  solvents.  Coincineration  of  hazardous 
wastes  on  a  large  scale  is  still  in  experimental  stages. 

Several  tests  have  been  performed  on  the  substitution  of  chlorinated 
orgamcs  and  polychlorinated  biphenyls  (PCB's)  for  fuel  in  wet  kilns  for 
cement  production  and  have  confirmed  that  essentially  complete  destruction  of 
waste  feed  can  be  accomplished.  The  total  chlorine  content  of  the  fuel  must 
be  controlled  to  avoid  corrosion  problems,  deterioration  of  clinker  quality 
and  adequate  waste  destruction.  There  is  sufficient  wet  kiln  capacity  in  the 
United  States  to  destroy  nearly  four  times  the  annual  quantity  of  chlorinated 

hazardous  waste  produced. 

Tests,  mainly  with  polychlorinated  biphenyls,  have  also  been  conducted 
in  high  temperature  industrial  boilers;  however,  some  of  the  boilers  did  not 
provide  sufficiently  high  temperatures  and  sufficiently  long  residence  times 
for  the  complete  destruction  of  PCB's.  The  combustion  of  halogenated  waste 
may  also  increase  corrosion  of  heat  exchanger  surfaces  (Ref  68). 

Incineration  in  the  correct  system  appears  to  be  a  safe  and  demonstrated 
method  for  the  99.99%+  destruction  of  chlorinated  solvents.  Afterburners 
and  air  emission  control  equipment  are  normally  required  for  complete 
removal  of  chlorinated  hydrocarbons  and  resulting  combustion  products.  Waste 
streams  from  incineration  are  the  quench  water  wnich  is  generally  acidic  from 
the  combustion  of  chlorinated  hydrocarbons  scrubber  effluent  containing 
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high  concentrations  of  total  dissolved  solids,  and  bottom  ash  or  slag 
containing  inerts  and  fly  ash  entrained  in  exhaust  gases.  Scrubber  effluents 
and  quench  water  are  often  combined,  pretreated  and  discharged  to  a  municipal 
treatment  plant  or  are  treated  and  discharged  to  a  surface  water.  They  should 
not  contain  hazardous  constituents.  Bottom  ash  will  contain  less  than  3 
percent  trace  compounds  including  heavy  metals  and  should  be  disposed  in 
hazardous  waste  landfills  (Ref  9). 

Typical  costs  of  incineration  found  in  the  literature  fall  in  the  range 
of  $118  to  $237  per  55  gallon  drum  for  highly  toxic  and  solid  wastes,  and 
from  $23  to  $600  for  the  entire  range  of  chemicals  that  may  be  incinerated 
(Ref  5,  98). 

1.5.3  Wet  Oxidation  Proceses 

Wet  oxidation  processes  are  now  used  extensively  in  the  treatment  of 
municipal  wastewaters  and  are  amenable  to  receiving  aqueous  wastes  and 
organic  liquids,  sludges  and  solids.  Two  American  companies  haye  developed 
wet  oxidation  processes  for  the  treatment  of  hazardous  wastes  including 
chlorinated  solvents.  IT  Corporation  is  marketing  a  catalyzed  wet  oxidation 
process  and  Zimpo  also  has  a  wet  air  oxidation  process  (Ref  5,  98). 

Wet  oxidation  is  the  aqueous  phase  oxidation  of  dissolved  or  suspended 
organic  materials  at  an  elevated  temperature  and  pressure.  Temperatures  are 
much  lower  than  those  found  in  incineration.  Wet  oxidation  supposedly  does 
not  require  extensive  particulate  and  other  emission  control  devices  and  does 
not  require  supplementary  fuel  after  start-up  (Ref  5). 

IT  Corporation's  catalyzed  wet  oxidation  process  has  not  been  subject 
to  a  full-scale  demonstration.  Due  to  the  presence  of  a  catalyst  (bromide, 
nitrate  and  manganese  ions  in  an  acidic  solution),  it  operates  at  a  lower 
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temperature  of  165-200°C  and  a  pressure  which  is  lower  than  usually  found 
in  wet  oxidation  systems.  Residence  times  can  vary  oetween  30  minutes  and 
two  hours.  Tests  run  on  the  halogenated  compounds  of  ethylene  bromide, 
hexachlorobutadiene  and  trichloropropane  showed  that  the  halogenated  species 
were  only  partially  oxidized  even  when  temperatures  were  raised  to  200-250°C 
and  at  a  2-hour  retention  time   (Ref  60). 

Zimpro's  wet  air  oxidation  process  was  originally  only  used  for  municipal 
waste-sludge  treatment  and  is  now  being  applied  to  hazardous  waste  streams 
containing  10  percent  or  less  organics.  It  operates  at  temperatures  from 
230-275°C  while  air  is  bubbled  through  the  waste  stream.  Incomplete  oxidation 
of  some  wastes  has  been  observed  and  it  is  difficult  to  achieve  99.99  percent 
destruction  of  organics   (Ref  5). 

Wet  oxidation  currently  does  not  appear  to  be  a  viable  process  for 
tne  destruction  of  chlorinated  solvents.  Costs  of  destroying  organics 
are  estimated  to  be  $0.15  to  $0.30  per  pound  of  organic  for  the  catalyzed 
system.  This  corresponds  to  a  cost  of  $0.70  to  $1.40/gallon  ($38.50  - 
$77.00  per  drum)  for  the  partial  destruction  of  chlorinated  solvents 
(Ref  60). 

1.5.4     Supercritical   Water  Reforming 

A  new  thermal  process  has  been  developed  by  Modar,  Inc.  called 
supercritical  water  reforming.  The  process  can  accept  liquid,  sludges 
and  solids  which  can  be  slurried  with  water.  Waste  must  contain  a  minimum  of 
5  percent  of  organics.  Modar  is  in  the  process  of  building  a  portable  1,500 
gallon  per  day  demonstration  unit  and  is  arranging  to  sell  both  large  and 
small   supercritical   water  oxidation  systems  worldwide   (Ref  5,  98). 
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The  process  depends  upon  the  fact  that  oxygen  and  many  refractory 
organics  are  highly  soluble  in  water  above  a  critical  condition  of  374°C 
and  1760  atm.  The  Modar  process  operates  at  a  temperature  of  550°C  and  a 
high  pressure  (2040  atm)  with  a  residence  time  of  less  than  one  minute. 
At  these  operating  conditions  the  carbon  and  hydrogen  in  wastes  are  rapidly 
oxidized  while  halogens,  phosphorus,  sulfur  and  the  metals  in  the  feed  combine 
to  form  solid  salts  which  can  then  be  filtered  out.  Bench  scale  tests  have 
achieved  greater  than  99.99+  percent  efficiency  for  destroying  chemical  wastes 
containing  polychlorinated  biphenyls,  1,1,1-trichloroethane,  trichloethylene, 
o-chlorotoluene,  1,2-ethylene  dichloride,  1,1,2,2  tetrachloroethylene  and 
others  (Ref  15,  98). 

The  supercritical  water  reforming  process  has  not  yet  been  demonstrated 
at  full-scale  operation  but  prospects  look  good  for  doing  so.  Modar  projects 
a  processing  cost  of  $10  to  $30  per  gallon  of  organics  for  its  50  gallon  per 
day  mobile  unit  and  $0.10  to  $2.00  per  gallon  ($5.50  to  $16  per  drum)  for  its 
2500  to  25,000  gallon  per  day  unit  which  is  still  in  the  development  stage 
(Ref  5,  15,  98,  62). 

1.5.5  Deep  Well  Injection 

Deep  well  injection  involves  the  injection  of  pumpable  liquids  or  sludges 
into  porous  sandstone  and  limestone  formations  1000  to  3000  meters  below 
ground  level.  Most  deep  wells  exist  in  the  oil  producing  states  with  the 
majority  located  in  Texas  and  Louisiana  where  they  have  been  used  for  the 
disposal  of  brine,  but  others  are  located  in  Colorado,  Illinois,  Ohio  and 
Michigan.  Only  a  few  are  used  for  commercial  disposal.  A  total  of  20  states 
allow  disposal  by  deep  well  injection,  but  some  have  limitations  on  compounds 
such  as  chlorinated  hydrocarbons  (Ref  43). 
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Proponents  of  deep  well  injection  claim  that  it  is  safe  and  inexpensive. 
Sites  have  contained  brines  that  have  been  separatea  from  fresh  water  zones 
for  millions  of  years  by  layers  of  impervious  shale.  Critics  are  concerned 
about  the  lack  of  knowledge  on  the  ultimate  fate  of  toxins  and  the  potential 
for  resulting  hazards  such  as  earthquakes,  eruptions,  and  infiltration  into 
potable  waters  and  economic  minerals. 

The  key  to  deep  well  injection  involves  the  selection  of  a  geologically 
suitable  site,  the  proper  design  of  the  well,  and  the  compatibility  of  the 
materials  of  construction  with  the  wastes  being  received.  Once  the- well  is 
drilled  the  cost  of  operation  is  almost  negligible,  making  the  average  cost  of 
disposal  in  the  range  of  8  to  14  cents  per  gallon  or  $4.40  to  $7.70  per 
55  gallons  (Ref  43,  57). 

1.5.6     Sol i  di  f i cati  on/Stabi  1  i  zati  on 

Solidification  and  stabilization  techniques  are  currently  being  used  for 
only  a  small  percentage  of  wastes.  Existing  methods  can  be  divided  into  four 
categories;  cement  based,  pozzolonic,  thermoplastic  and  polymeric.  Techniques 
greatly  differ  in  chemicals  used,  resulting  chemical  properties  and  costs,  but 
all  appear  to  be  subject  to  gradual  deterioration  by  organics  present  in  the 
waste.  Costs  vary  between  35  and  $500  per  ton  of  waste  or  $1.65  to  $165  per 
55  gallons   (Ref  43,  57). 

1.5.7     Other  Technologies 

Several    other   processes   for   the   treatment/destruction  of   hazardous 
wastes    are    in    various    stages    of    development   but    have    not   been    proven   on   a 
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full  scale.  These  include  a  molten  salt  destruction  (MSU)  process  by  Rockwell 
International  which  has  shown  greater  than  99.99  percent  destruction 
efficiency  on  a  variety  of  hazardous  organic  wastes  including  polychlonnated 
biphenyls,  pesticides  and  chemical  warfare  agents.  Anti-Pollution  Systems 
(APS)  has  also  developed  a  molten  salt  process,  but  little  is  known  about  the 
potential  of  either  method  to  process  large  volumes  of  waste  for  an  extended 
period  of  time   (Ref  25,   98). 

Other  innovative  technologies  are  also  being  developed.  Atlantic 
Research  Corporation  has  developed  a  process  for  the  light  activated  reduction 
of  chemicals  (LARC)  using  ultraviolet  light  and  hydrogen  to  destroy  compounds 
such  as  halogenated  organics.  Thagard  Research  is  developing  a  high 
temperature  fluid  wall  (HTFW)  reactor;  Now  Energy  Inc.  is  marketing  a 
fluidized  bed  incinerator  and  Franklin  Research  Center  has  developed  a  molten 
sodium    process     for    destroying    chlorinated    hydrocarbons     (Ref    26,     95,    98). 
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2.0  CURRENT  PRACTICES  AND  EXISTING  ALTERNATIVES  FOR 
THE  DISPOSAL  OF  CHLORINATED  SOLVENTS  IN  ILLINOIS 

2.1  CURRENT  LAND  DISPOSAL  PRACTICES 

2.1.1  Quantities 

The  implementation  of  federal  and  state  regulations  controlling  nazardous 
waste  management  has  affected  the  land  disposal  of  chlorinated  solvents  in 
Illinois  as  well  as  the  land  disposal  of  all  hazardous  wastes.  The  quantity 
of  hazardous  waste  disposed  of  in  Illinois  landfills  has  decreased  from 
about  95  million  gallons  in  1980  to  an  estimated  29  million  gallons  in  1982 
(Ref  67).   A  1982  ban  on  the  landfilling  of  all  free,  hazardous  liquids  in 
Illinois,  and  tne  economic  recession  have  contributed  to  this  decrease. 
A  review  of  the  records  on  file  at  the  Illinois  Environmental  Protection 
Agency  showed  that  many  of  the  wastes  landfilled  in  Illinois  were  not 
specifically  named  by  compound,  waste  type  or  EPA  identification  number  (such 
as  F001  or  F002).  Many  of  the  wastes  disposed  were  listed  more  generally  with 
names  such  as  degreasing  waste,  mixed  solvents,  solvent  cleaning  waste  and 
still  bottoms.  Records  of  the  listed  wastes  and  estimates  of  the  halogenated 
fraction  of  the  other  wastes  show  that  approximately  410,000  gallons  of 
chlorinated  solvents  were  disposed  in  landfills  in  1980  and  approximately 

124,000  gallons  will  be  disposed  in  1982  (Ref  46). 

Figure  1  presents  the  landfilled  quantities  of  hazardous  waste  and 

chlorinated  solvents  for  1980  through  1982. 

2.1.2  Geographic  Distribution  of  Generators  and  Disposal  Sites 

The  locations  of  generators  of  chlorinated  solvents  is  consistent  with 
concentrations  of  industrial  operations  in  the  state.  Over  73  percent  of  the 
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Dames  &  Moore 

Figure  1 


generators  are  located  in  the  Chicago  area,  with  nearly  equal  portions  (12.5 
and  10.5  percent,  respectively)  shared  by  the  north  and  central  sections  and 
lesser  percentages  (four  percent)  in  the  south  (Ref  92).  Figure  1  presents 

this  distribution. 

Six  privately  owned,  commercial  landfills  are  permitted  to  receive 
hazardous  wastes  in  Illinois.   These  are  the  only  landfills  authorized  by 
the  Illinois  EPA  to  receive  hazardous  wastes  from  any  source,  including  small 
quantity  generators.   Only  four  of  these  landfills  have  received  chlorinated 
solvents  during  1982.  They  are  all  located  within  200  miles  of  Chicago.  The 
Joliet/ESL  landfill  located  in  Elwood  near  Chicago  is  operated  by  Chemical 
Waste  Management,  Inc.  and  will  receive  close  to  65  percent  of  the  chlorinated 
solvents  that  will  be  disposed  of  in  Illinois  landfills.   The  Sheffield/ 
Nuclear  #2  landfill  is  operated  by  U.S.  Ecology  and  is  located  in  Sheffield, 
the  northern  part  of  Illinois,  approximately  180  miles  west  of  Chicago.  The 
Sheffield  site  will  receive  16  percent  of  the  chlorinated  solvents  annually 
disposed  of  in    Illinois  landfills.   Figure  2  shows  the  locations  of  these 

landfills. 

The  Chicago/CID  #2  landfill  operated  by  Waste  Management,  Inc.,  is 
located  in  Calumet  City  adjacent  to  Chicago  and  receives  approximately 
14  percent  of  the  chlorinated  solvents  annually  landfilled.  The  remaining 
5  percent  are  disposed  of  at  the  Davis  Junction  landfill  operated  by  BFI, 
approximately  190  miles  from  Chicago  (Ref  46). 

2.1.3  Physical  Characteristics  of  Waste  Chlorinated  Solvents 

Waste  chlorinated  solvents  disposed  of  in  Illinois  landfills  can  be 
categorized  into  three  major  groups  in  regard  to  physical  state  and  chemical 
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composition;   liquid-high  solvent  content,   liquid-aqueous  solution,  and  sludge/ 
nigh-solids    solvent    content.       Tnose    in    the    liquid    high    chlorinated    solvent 
content    category    consist    of    spent    solvents    which    vary    in    solids    content    up 
to    13   percent   and   usually   contain    below   1   percent    inorganic   salts.      Oil 
and    grease   content    varies    up   to    9   percent    and   many   contain    lead   or  zinc   in 
concentrations    of    100   mg/1 .      The   spent   chlorinated   solvents   normally   contain 
up  to  90  percent  of  the  original    solvent.     The  waste  aqueous  solutions  contain 
up   to    7    percent    solids    and    up   to    100   mg/1    of    lead.      These   are   rinse   or 
contaminated    waters.      Liquids,    the   majority    of   which    have   high    solvent 
content,    account    for   about   two-thirds   of   the   landfilled   chlorinated   solvents 
in    Illinois.      Prior  to   landfilling,   these   liquids   were  mixed  with  sorbents  or 

general    refuse. 

Solid  content  vanes  from  20  to  100  percent  in  the  sludge-high-solids 
solvent  category.  Degreasing  sludges  and  still  bottoms  make  up  this  category. 
Solvent  degreasing  sludges  contain  at  least  10  percent  of  the  original  solvent 
and  distillation  sludges  normally  contain  10  to  50  percent  of  the  original 
solvent.  These  wastes  usually  have  a  high  content  of  oil  and  grease  or 
resins,  with  inorganic  salt  concentrations  averaging  1  percent  and 
concentrations  of  lead,  zinc  and  cadmium  up  to  100  mg/1.  Approximately 
6  percent  of  the  landfilled  chlorinated  solvents  were  solids,  and  27  percent 
were  sludges   (Ref  46,  91). 

2.1.4     Toxicology,  Migration  Potential    and  Persistence 
of  Chlorinated  Solvents 

Except     for    the    compound     1,1 ,2-tnchloro    -     1,2,2-tnfluoroethane,     the 
spent   chlorinated  solvent  compounds   are  priority   pollutants  under  Section   307 
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of  the  Clean  Water  Act.  Toxicological  data,  migration  potential,  and 
persistence  of  each  specific  compound  are  explained  in  the  following 
paragraphs.  Tables  1  and  2  contain  information  on  toxicity  and  physical 
properties.  Some  chlorinated  solvents  have  been  identified  as  carcinogens  by 
the  Carcinogen  Assessment  Group  of  the  United  States  Environmental  Protection 
Agency.  Data  are  often  lacking  and  knowledge  is  \/ery,  incomplete  on  the 
toxicity  associated  with  relatively  low  concentrations  found  in  ground  water 
and  in  air.  All  have  been  shown  to  be  toxic  to  human  or  animal  life  either  in 
the  short  or  long  term,  however. 

Studies  on  the  migration  of  chemicals  in  the  environment  have  recently 
been  initiated.  Results  of  pertinent  studies  which  are  available  are 
discussed  in  Section  2.2.3,  Leachate  Migration/Liner  Interception.  Physical 
properties  that  indicate  the  potential  for  mobility  in  the  environment 
include  solubility  in  water,  vapor  pressure  and  the  octonol /water  coefficient. 
These  are  given  in  Table  2.  Mobility  potentials  increase  with  increasing 
solubilities,  vapor  pressures  and  octonol /water  coefficients,  while  the 
potential  for  adsorption  by  soil  decreases.  Persistence  in  the  environment 
refers  to  the  lack  of  potential  for  a  chemical  to  break  down  into  other 
compounds  after  exposure  to  the  bacteria,  ultraviolet  radiation  and  oxygen 
present  in  the  environment. 

Tetrachl  oroethyl ene 

Repeated  exposure  in  rats  and  mice  to  tetrachl  oroethyl  ene  in  air  or  by 
ingestion  has  resulted  in  central  fatty  deneration  in  the  liver,  increased 
kidney  weights  and  toxic  nephropathy.  It  also  causes  mild  intoxication  and 
liver  dysfunction  following  chronic  exposure  to  high  levels  associated  with 
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certain  industries.  Tetrachloroethylene  is  mobile  and  persistent  in  the 
environment  and  is  found  in  trace  amounts  in  water,  aquatic  organisms,  air, 
foodstuffs,  and  humans  (Ref  91).  In  1974,  at  eight  locations  in  five 
industrial  states,  the  concentrations  of  tetrachloroethylene  ranged  from 
1.2  ppb  (parts  per  billion)  in  the  urban  areas  to  less  than  0.02  ppb  in  rural 
areas.  Chlorination  at  sewage  treatment  plants  has  resulted  in  slightly 
enhanced  levels  in  water  (Ref  31). 

Trichloroethylene 

Trichloroethylene  is  on  the  United  States  Environmental  Protection 
Agency's  list  of  chemicals  which  have  demonstrated  substantial  evidence 
of  carcinogenicity.  Both  acute  and  chronic  exposure  to  high  levels 
produce  central  nervous  system  depression  and  other  neurological  effects. 
Trichloroethylene  also  causes  some  kidney  and  liver  damage.  It  is  mobile 
and  persistent  in  the  environment  (Ref  91).  Typical  concentrations  of 
tnchloro-ethylene  at  eight  locations  in  five  U.S.  states  in  1974  ranged  from 
180  ppt  (parts  per  trillion)  in  urban  areas  to  less  than  20  ppt  in  rural 
areas.  Slightly  enhanced  levels  have  been  observed  after  chlorination  of 
waters  at  sewage  treatment  plants  (Ref  31). 

Methylene  Chloride 

Methylene  chloride  is  also  referred  to  as  dichloromethane.  In  humans 
it  is  a  central  nervous  system  depressant  resulting  in  narcosis  at  high 
concentrations  and  impaired  task  performance.  On  the  basis  of  present 
evidence,  methylene  chloride  cannot  be  firmly  identified  as  a  carcinogen  in 
humans  or  animals.  It  is  a  stable  compound  and  may  migrate  in  the  environment 
(Ref  91). 
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1,1,1  TricMoroethane 

1.1.1  Trichloroethane  is  also  known  as  methyl  chloroform.  It  affects 
the  human  central  nervous  system  functions  in  reaction  time,  perceptual  speed, 
manual  dexterity  and  equilibrium.  Studies  of  animal  reactions  have  shown 
toxic  effects  on  the  central  nervous  system,  cardiovascular  system,  and 
pulmonary  system  and  damage  to  liver  and  kidneys.  1,1,1  Trichloroethane  is 
highly  mobile  and  persistent  in  ground  water  (Ref  91).  Methyl  chloroform  has 
been  found  in  the  stratosphere  at  an  average  level  of  80  ppt.  Once  in  tne 
stratosphere,  it  photolyzes  to  products  which  can  deplete  ozone,  leading  to 
increases  in  skin  cancer  and  other  effects  (Ref  31). 

Carbon  Tetrachloride 

Carbon  tetrachloride  has  also  been  included  on  the  USEAP's  list  of 
chemicals  which  have  demonstrated  substantial  evidence  of  carcinogenicity. 
It  has  also  been  shown  to  cause  liver  and  kidney  damage,  biochemical  changes 
in  liver  function  and  neurological  damage.  Carbon  tetrachloride  is  very 
persistent  in  the  environment  (Ref  91).  It  has  been  found  in  foodstuffs 
including  produce  (0.2-14  ppm),  meat  (7-9  ppm),  oils  and  fats  (0.7-18  ppm), 
beverages  (0.2-6  ppm),  and  fruit  and  vegetables  (3-8  ppm.  Carbon  tetra- 
chloride has  also  been  found  in  10  percent  of  the  U.S.  drinking  water  supplies 
at  levels  up  to  3  ppb  in  a  USEAP  survey  of  80  cities.  Concentrates  of  carbon 
tetrachloride  at  sub-ppb  levels  in  urban  areas  and  much  higher  concentration 
in  urban  areas  of  the  United  States  have  been  reported  (Ref  31). 

Chlorobenzene 

Chlorobenzene  has  been  found  to  produce  histopathological  changes  in 
the  lungs,  liver  and  kidneys  following  its  inhalation  by  rats,  rabbits  and 
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guinea  pigs.  There  Wave  not  been  any  studies  conducted  yet  to  evaluate  the 
mutogenic,  teratogenic  or  carcinogenic  potential  of  chlorooenzene.  It  is 
persistent  and  may  migrate  (Ref  91). 

l.l.l-Trichloro-l,2,2-Trifluoroethane  and  Trichlorof luoromethane 
Trichlorotrifluoroethane  and  trichlorof 1 uoromethane  belong  to  the  class 
of  chlorofluorocarbon  solvents  which  are  highly  volatile  but  which  are  not  a 
direct  toxicity  hazard.  As  they  volatize  they  mix  with  the  atmosphere  and 
move  slowly  into  the  stratosphere.  Once  in  the  stratosphere,  however, 
chlorofluorcarbons  are  decomposed  by  ultraviolet  radiation  and  release 
chlorine  atoms  which  combine  with  and  deplete  ozone  from  the  atmosphere. 
Ozone  reduction  leads  to  increases  in  skin  cancer,  induces  climate  changes 
and  has  other  effects   (Ref  91). 

Urtho-Di chlorooenzene 

U-Oichlorobenzene,  or  1,2-dichlorobenzene  is  highly  bioaccumulati ve.  It 
may  migrate  and  is  persistent  in  the  environment.  Dichlorobenzene  has  a 
moderate  toxicity  via  inhalation  and  oral  routes,  mainly  to  the  liver  and 
kidneys.  It  can  also  act  as  a  central  nervous  system  depressant  after  short 
periods  of  exposure  (Ref  91). 

2.2     CONSIDERATIONS   FOR   LAND  DISPOSAL 

Until  recently,  the  management  of  solid  waste  was  largely  a  personal 
matter.  However,  public  awareness  of  waste  management  practices  bloomed 
after  the  exposure  of  past  improper  disposal  practices,  such  as  Love  Canal  and 
Valley    of    the   Drums.      The    passage   of   the   Resource   Conservation   and   Recovery 
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Act  in  1976  has  had  far  reaching  impacts  on  the  management  of  hazardous  wastes 
from  generation  to  destruction  and  disposal.  Primary  goals  of  the  Act  have 
been  to  encourage  the  recycle/re-use  of  hazardous  wastes,  conservation  of 
resources,  waste  segregation  and  reduction,  and  control  of  the  storage, 
transportation,  treatment,  destruction  and  disposal  of  hazardous  wastes  in 
order  to  minimize  the  potential  for  interaction  and  release  of  hazardous 
constituents  into  the  environment. 

Many  gaps  in  the  knowledge  and  understanding  of  the  physical,  chemical 
and  toxicological  effects  of  hazardous  wastes  exist,  consequently,  decisions 
concerning  the  management  of  these  wastes  must  necessarily  be  conservative. 
The  full  cost  of  the  improper  disposal  of  hazardous  wastes  is  extremely 
difficult  to  quantify.  We  have  become  aware  of  the  resulting  economic 
costs  of  removal  of  wastes  and  contaminated  soils,  the  collection  and 
treatment  of  leachate  and  contaminated  ground  water,  the  violent  reac- 
tions that  may  occur  when  some  wastes  are  combined  and  the  effects  on  human 
health  and  the  surrounding  environment. 

Landfilling  is  currently  and  will  probably  remain  the  predominant  method 
for  the  disposal  of  hazardous  wastes  (Ref  1).  Current  practices  required  by 
RCRA  regulations  in  making  land  disposal  more  secure  involve  waste  segratation 
and  the  use  of  a  barrier  between  the  wastes  and  the  ground  or  surface  waters. 
Proper  waste  segregation  is  conducted  to  reduce  the  potential  for  interaction 
between  wastes  that  may  result  in  a  fire,  explosion,  air  emissions,  increase 
in  leachate  production  or  increase  in  the  concentration  or  number  of  hazardous 
constituents  present  in  leachate.  Barriers  between  wastes  and  the  environment 
may  be  in  the  form  of  a  landfill  liner  as  discussed  below,  or  as  a  waste 
solidifcation  or  stabilization  technique  as  discussed  in  Section  1.5.6. 
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2.2.1  Segregation  of  Waste  Chlorinated  Solvents 

The  proper  waste  segregation  necessary  for  secure  land  disposal  can  be 
accomplished  easily  once  the  potential  hazards  are  recognized.  Appendix  V  of 
40  CFR  265  in  the  Monday,  May  19,  1980  Federal  Register  contains  examples  of 
hazardous  wastes  which  should  not  be  mixed.   These  groups  of  incompatible 
wastes  are  reproduced  in  Table  3.  Group  4-A  wastes,  which  include  halogenated 
hydrocarbons,  (where  chlorinated  solvents  belong)  should  not  be  mixed  with 
concentrated  Group  1-A  and  1-B  wastes,  which  are  alkaline  and  acidic, 
respectively,  or  with  Group  2-A  wastes,  the  reactive  metals  and  metal  oxides 
(Aluminum,  Beryllium,  Calcium,  Lithium,  Magnesium,  Potassium,  Sodium  and 
Zinc  powder).   The  mixing  of  these  has  the  potential  consequence  of  fire, 
explosion  or  heat  generation  or  the  generation  of  flammable  or  toxic  gases. 
In  addition,  Group  4-A  wastes  should  not  be  mixed  with  Group  6-A  wastes 
which  are  strong  oxidizers  due  to  the  potential  for  fire,  explosion  or  violent 
reaction.  Long-term  effects  of  mixing  chlorinated  solvents  with  acidic 
solutions  also  include  the  potential  for  leaching  heavy  metals  from  the  waste 
solvent.   All  indications  are  that  waste  segregation  in  landfills  can  be 
easily  performed. 

2.2.2  Leachate  Migration/Liner  Interception 

Leachate  from  the  landfill ing  of  wastes  may  be  the  liquid  constituents  of 
the  waste  itself  or  the  liquids  generated  from  waste  or  water  percolating 
through  the  landfill  (Ref  1).  There  is  not  much  information  currently 
available  on  the  ultimate  fate  of  these  liquids  in  regard  to  factors  such 


[30] 


TABLE  3 
INCOMPATIBLE  WASTE  GROUPS* 


Group  1-A 

Acetylene  sludge 

Akaline  caustic  liquids 

Alkaline  cleaner 

Alkaline  corrosive  liquids 

Alkaline  corrosive  battery  fluid 

Caustic  wastewater 

Lime  sludges  and  other 

corrosive  alkalies 
Lime  wastewater 
Lime  and  water 
Spent  caustic 


Group  1-B 

Acid  sludge 

Acid  and  water 

Battery  acid 

Chemical  cleaners 

Electrolyte,  acid 

Etching  acid  liquid  or  solvent 

Pickling  liquor  and  other 

corrosive  acids 
Spent  acid 
Spent  mixed  acid 
Spent  sulfuric  acid 


-  Potential  consequences:  heat  generation;  violent  reaction. 


Group  2-A 

Aluminum 
Beryl i urn 
Calcium 
Lithium 
Magnesium 
Potassium 
Sodium 
Zinc  powder 
Other  reactive  metals 
metal   hydrides 


Group  2-B 

Any  waste  in  Group  1-A  or  1-B 


and 


-  Potential  consequences: 
hydrogen  gas. 


fire  or  explosion^  generation  of  flammable 


Group  3-A  Group  3-B 

Alcohols  Any  concentrated  waste  in 

Water  Groups  1-A  or  1-B 

Calcium 

Lithium 

Metal  hydrides 

Potassium 

S02Cl2  PCI3  CH2SICI3 

-  Potential  consequences:  fire  explosion,  or  heat  generation;  generation 
of  flammable  or  toxic  gases. 


*Federal  Register,  May  19,  1980,  Volume  45,  Number  98. 
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TABLE  3  (continued) 
INCOMPATIBLE  WASTE  GROUPS 


Group  4-A  Group  4-B 

Alconols  Concentrated  Group  1-A  or  1-8  wastes 

Aldehydes  GrouP  2"A  wastes 

Halogenated  hydrocarbons 
Nitrated  hydrocarbons 
Unsaturated  hydrocarbons 
Other  reactive  organic  compounds 
and  solvents 

-  Potential  consequences:  fire,  explosion,  or  violent  reaction. 


Group  5-A 

Spent  cyanide  and  sulfide 
solutions 


Group  5-B 

Group  1-B  wastes 


-  Potential  consequences:  generation  of  toxic  hydrogen  cyanide  or 
hydrogen  cyanide  or  hydrogen  sulfide  gas. 


Group  6-A 

Chlorates 

Chlorine 

Chlorites 

Chromic  acid 

Hyphochlorites 

Nitrates 

Nitric  acid,  fuming 

Perchl orates 

Permanganates 

Peroxides 

Other  strong  oxidizers 


Group  6-B 

Acetic  acid  and  other  organic  acids 

Concentrated  mineral  acids 

Group  2-A  wastes 

Group  4-A  wastes 

Other  flammable  and  combustible  wastes 


-  Potential  consequences:  fire,  explosion,  or  violent  reaction, 
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as  potential  for  desorption  from  solids,  and  gravity  flow  through  the  waste. 
The  adsorption  of  liquid  waste  on  a  solid  matrix  often  does  not  allow  the 
retention  of  liquids  against  gravitational  forces  once  they  are  stocked  in  a 
landfill  (Ref  2).  This  means  that  chlorinated  solvents  currently  being  mixed 
with  general  refuse  or  adsorbant  material  may  only  be  temporarily  absorbed  and 
may  migrate  through  the  landfill  cell  over  time. 

Leachates  vary  considerably  in  chemical  composition.  Leachates 
generated  by  the  organic  fluids  in  hazardous  wastes  can  be  separated  into 
four  classes:  acids,  bases,  neutral  polar,  and  neutral  non-polar  materials 
(Ref  24).  Chlorinated  solvents  usually  contain  polar  or  non-polar  cnlorinated 
hydrocarbons  but  other  organics  present  in  the  waste  and  in  surrounding 
wastes  in  a  landfill  cell  may  make  the  resulting  leachate  fall  into  other 
classes.  Characteristics  of  the  leachate  greatly  affect  the  migration  of 
chemical  species  in  soil,  liners  and  fluids.  Results  of  research  conducted  on 
cnlorinated  solvents  or  on  similar  chlorinated  hydrocarbons  are  presented 
below. 

Studies  on  the  migration  of  two  halogenated  hydrocarbons,  polybrominated 
biphenyl  (PBBs)  and  hexachl orobenzene  (HCB)  show  that  altnough  they  are 
immobile  in  soils  wnen  leached  with  distilled  water,  they  become  highly 
mobile  when  leached  with  organic  solvents  (Ref  38). 

Another  chlorinated  hydrocarbon,  hexachlorocyclopentadiene,  has  been 
observed  to  have  a  strong  affinity  for  soil  and  a  low  solubility  in  distilled 
water.  Its  absorption  in  soil  and  potential  mobility  through  soil  are  highly 
dependant  upon  the  total  organic  carbon  content  of  the  soil.  The  migration 
of  iron,  cadmium,  nickel  and  zinc  in  soils  was  observed  to  increase  with 
concentrations  of  total  organic  carbon,  salts  and  iron  in  studies  performed  by 
Fuller  (Ref  33,34). 
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Liners  are  placed  in  the  bottoms  and  sides  of  landfills  to  intercept 
and  contain  leacnate.  Liners  are  usually  constructed  of  clay  and  soil, 
concrete,  asphalt,  or  polymeric  membranes.  The  materials  of  construction 
differ  significantly  in  physical  and  chemical  properties,  and  consequently, 
in  their  resistance  to  leachates  of  varying  characteristics. 

Clay  Liners 

Historically,  clay  and  soil  liners  have  usually  been  used  in  hazardous  or 
industrial  waste  landfills.  Most  clay  liners  contain  either  Kaolinite, 
illite,  or  montmonllonite  type  clays.   Studies  on  clay  liners  containing 
these  clays  have  been  conducted  to  identify  cases  where  organic  liquids  may 
alter  their  permeability  (Ref  1,  2,  12,  37).   Four  native  clay  soils 
containing  one  of  the  above  clay  types  were  evaluated  by  Anderson,  Brown  and 
Green  by  the  traditional  permeability  test  using  a  0.01  normal  solution  of 
calcium  sulfate  in  water  and  by  a  permeability  test  method  developed  by  Brown 
and  Anderson  using  leachates  containing  one  of  the  four  classes  of  organics 
(acid,  base,  neutral -polar  and  neutral  non-polar).   All  four  clay  soils  were 
found  to  qualify  for  use  as  the  lining  of  hazardous  waste  disposal  facilities 
based  on  permeability  to  water  of  less  than  1  x  10-7  cm  sec-1.   However, 
these  same  soils  underwent  large  permeability  increases  when  permeated  by 
combinations  of  basic,  neutral  polar  and  neutral  non-polar  organic  fluids 
and  showed  the  same  potential  for  substantial  permeability  increases  when 
exposed  to  concentrated  organic  acids  (Ref  2).   The  permeabilities  of  tHe 
different  clay  types  were  found  to  increase  by  clay  dissolution,  volume 
changes  (shrink/swell),  soil  piping  or  miscellaneous  effects  wnen  exposed  to 
organics  in  previous  studies  (1).  Escher  of  Penn  Environmental,  believes  that 
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far  less  severe  effects,  if  any  should  be  expected  from  the  generally  more 

dilute  forms  normally  expected  in  a  secure  landfill  (Ref  49).   Additional 

studies  were  conducted  by  Green,  Lee  and  Jones  on  clay  soils  containing 

kaolinite,  illite  and  montimoril lonite  with  common  solvents  including  carbon 

tetrachloride  and  trichloroethylene.   Studies  initially  showed  that  the  clays 

were  virtually  impervious  to  the  solvents  due  to  diffusion  and  convection 

through  pores.   After  several  days  of  exposure  to  the  solvents,  breakthrough 

phenomena  were  observed  for  carbon  tetrachloride,  benzene  and  xylene.   The 

authors  concluded  that  "from  the  observations,  it  can  be  concluded  that  any 

solvent  that  causes  a  clay  to  shrink  appreciably  during  any  shrink/swell 

experiment  is  a  potential  hazard  when  stored  in  a  clay-lined  disposal  area. 

Even  though  such  a  solvent  may  move  slowly  through  a  wet  clay  by  diffusion 

and  convection,  there  is,  in  principle,  a  danger  that  it  will  eventually 

cause  shrinking  and  cracking  and  thereby  allow  fluid  transmission  in  bulk" 

(Ref  37). 

Polymeric  Membrane  Liners 

Studies  have  been  conducted  on  synthetic  (polymeric)  membranes  to 
identify  possible  failure  mechanisms.  Shultz  and  Miklas  investigated  liner 
installation  practices  necessary  to  minimize  rips  and  tears.  They  founa  that 
proper  installation  required  a  suitably  compacted  sub-grade  without  any  rocks, 
and  adequate  soil  sterilization  to  prevent  root  or  shoot  growth  through  the 
liner.  Care  must  be  taken  to  use  suitable  adhesives  in  seams.  The  liners 
should  not  be  stretched  or  folded  and  adequate  cover  materials  must  be  used. 
Subsidence  of  rock,  folds  and  stretching  of  the  liner  contribute  to  wear  and 
tear.  Also,  a  liner  must  be  made  of  material  that  is  compatible  with  the 
wastes- to  be  landfilled  (Ref  76,  77). 
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Haxo  investigated  the  interaction  of  selected  lining  materials  with 
various  hazardous  wastes  (no  chlorinated  solvents).  He  found  that  organic 
constituents  are  particularly  aggressive  to  most  of  the  liners  considered 
for  lining  waste  impoundments.  Even  in  minor  amounts  in  the  fluid,  organic 
compound  can  swell  or  dissolve  the  organics  in  liner  materials  and  eventually 
may  cause  .the  failure  of  a  liner.  He  observed  that  the  liner  materials  lost 
elongation,  became  stiff  or  swelled  when  exposed  to  wastes  for  a  long  period 
of  time  (Ref  40,  41). 

Admix  Liners 

Haxo  also  observed  that  admix  liners  such  as  hydraulic  asphalt  are 
generally  not  resistant  to  organic  solvents  and  chemicals.  Organics  have 
been  observed  to  weaken  cement  used  for  sol i di fcati on/stabi  1  i zation  of 
wastes  as  well  as  other  materials  (Ref  41). 

2.2.3  Cost  of  Land  Disposal 

Landfills  receiving  hazardous  wastes  in  Illinois  charge  between  $30  and 
$40  per  55  gallon  drum  received.  Since  chlorinated  solvents  are  controversial 
due  to  toxicity,  persistence  and  migration,  the  upper  end  of  the  cost  scale 
can  be  assumed  to  apply  to  the  landfilling  of  chlorinated  solvents. 

2.2.4  Environmental  Consequences  of  Land  Disposal 

None  of  the  liners  researched  recently  are  immune  to  attack  by  organics. 

Haxo  has  concluded  that  there  does  not  appear  to  be  any  single  lining  material 

now  commercially  available  which  is  suitable  for  long  term  impoundment  of  all 

wastes.   Studies  by  others  have  shown  the  susceptibility  of  clay  liners  to 

shrink/swell  and  ultimate  failure  when  exposed  to  organics  over  time. 
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Once  a  liner  is  leaking,  leachate  may  enter  ground  or  surface  waters 
depending  on  its  proximity  to  these  waters  and  the  permeability  of  the 
underlying  soils  to  the  leachate. 

Chlorinated  solvents  have  a  fairly  high  potential  for  migration  and 
persistence  in  the  environment.  Studies  have  shown  many  of  these  solvents  to 
be  carcinogenic,  or  at  least,  toxic  to  human  and/or  animals.  Land  disposal 
presents  the  greatest  potential  for  migration  of  toxic  compounds  since,  when 
compared  to  available  alternatives,  the  compounds  are  not  destroyed,  will 
persist  in  the  environment  and  have  a  fairly  high  potential  to  permeate 
through  "secure"   landfills. 

2.3     EXISTING  ALTERNATIVES  TO   LAND  DISPOSAL   IN    ILLINOIS 

The  following  subsections  present  detailed  discussions  of  the 
alternatives  to  land  disposal  of  chlorinated  solvents.  Table  4  presents  a 
summary   of   the   alternatives   and   the   important   differences    between   them. 

2.3.1     Solvent  Reclaiming/Recycling 

There  are  several  commercial  solvent  reclaimers  in  Illinois  that  accept 
chlorinated  solvents.  The  extent  of  solvent  recycling  is  highly  market 
dependent  with  parameters  such  as  sludge  content,  number  of  solvents  mixed 
in  a  given  waste  and  marketability  of  the  resulting  solvent  determining 
the  feasibility  of  reclamation.  Only  carbon  tetrachloride,  fluorocarbons, 
methylene  chloride,  perchl oroethy lene,  tri chl oroethy 1 ene  and  1,1,1- 
trichloroethane,  of  the  chlorinated  solvents,  are  usually  reclaimed  (Ref  83). 
One  solvent  reclaimer  in  Illinois  further  reduced  the  list  to  methylene 
chloride,  trichloroethylene,  perchloroethylene  and  1,1,1-tnchloroethane 
(Ref  66). 

[37]      . 
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The  decrease  in  quantities  of  chlorinated  solvents  already  being 
landfilled  is  partly  attributed  to  more  solvents  being  recycled/reclaimed. 
It  is  difficult  to  estimate  tne  percentage  of  chlorinated  solvents  currently 
being  landfilled  that  could  be  reclaimed  since  most  reclaimers  take  and  sell 
wastes  on  a  case-by-case  basis.  Assuming  that  only  liquids  could  be  accepted 
reduces  the  acceptable  quantity  of  solvents  to  67  percent  of  the  estimated 
total,  or  83,000  gallons.  Waste  marketability,  content  of  water  and 
impurities,  degree  of  mixing  of  solvents,  etc.,  would  further  reduce  this 
quantity. 

Excess  Capacity 

Based  on  discussions  with  several  chlorinated  solvent  reclaimers  located 
in  Illinois,  there  appears  to  be  a  sufficient  recycling  capacity  to  receive 
well  over  the  quantity  of  chlorinated  solvents  currently  being  landfilled  in 
Illinois  (124,000  gallons),  although  only  a  fraction  of  the  quantity  is 
treatable  by  distillation  (reclamation).  The  excess  capacity  may  be  as  high 
as  3  million  gallons  per  year.  Discussions  with  four  vendors  revealed 
that  current  excess  capacity  is  at  least  2  1/2  million  gallons  per  year 
(Ref  24,  54,  66,  70). 

Remaining  Residues 

Approximately  55  percent  of  the  incoming  waste  solvent  will  ultimately 
become  a  waste  sludge  from  the  mechanical  separation  or  distillation  step. 
Recycling/reclaiming  is  therefore  not  a  destruction  technique  but  a  treatment/ 
volume  reduction  method.  Assuming  that  only  20  percent  of  the  annually 
landfilled  chlorinated  solvents  could  be  reclaimed,  89  percent  of  the  total 
volume  of  wastes  (80  percent  plus  55  percent  of  the  reclaimed  as  residues) 
would  still  require  treatment. 
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Costs 

Solvent  reclaimers  usually  buy  recyclable  waste  solvents  and  resell 
the  recycled  product  to  the  same  generator  for  70  to  80  percent  of  the 
virgin  price.  It  therefore  does  not  cost  the  generator  to  have  the  solvent 
reclaimed.  Reclaimers  are  located  throughout  the  state  and  reclaimers 
located  in  the  Chicago  area  appear  to  have  the  capacity  to  handle  additional 
quantities  now  being  landfilled. 

2.3.2  Incinerators 

Presently  there  are  three  commercial  incinerators  located  in  Illinois 
which  receive  chlorinated  solvents.  These  are  ownea  by  SCA  Chemical  Services 
Company  in  Chicago,  Trade  Waste  Incineration  in  Sauget  (near  St.  Louis)  and 
Alburn  Incinerator  in  Chicago.  Descriptions  of  the  capabilities  of  the 
facilities  are   discussed  below. 

The  incinerator  owned  by  SCA  Chemical  Services  has  a  total  capacity 
of  about  40,000  gallons  per  day  and  is  currently  operating  at  25  to  30  percent 
of  total.  It  is  of  rotary-kiln  design  with  a  liquid  injection  afterburner  and 
scrubbers  for  control  of  pollutant  emissions.  The  facility  is  permitted  to 
receive  chlorinated  solvents  and  can  handle  up  to  25  percent  chlorine  by 
weight  in  the  feed.  This  is  currently  limited  by  the  limestone  scrubbing 
pollution  control  equipment  and  could  be  increased.  Blending  of  wastes  allows 
for  the  acceptance  of  wastes  containing  high  ash,  high  organic  chlorine  and 
high  concentrations  of  heavy  metals  (Ref  48).  The  rotary  kiln  design  allows 
the  acceptance  of  solids,  sludges  and  liquid  wastes  (Ref  72). 

The  Trade  Waste  Incineration  unit  is  permitted  to  receive  chlorinated 
solvents.  The  unit  has  a  2000  lb/hr  capacity  with  current  average  feed 
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rate  of  50  percent.  It  is  of  fixed  hearth  design  and  is  equipped  with  an 
afterburner  and  water  quench  with  Venturi  scrubber  for  air-emissions  control. 
TWI's  incinerator  is  capable  of  handling  solids,  semi-solids,  and  liquids. 
Blending  of  wastes  allows  the  treatment  of  wastes  containing  halogenated 
compounds  and  heavy  metals  (Ref  48).  The  incinerator  serves  a  local  market  within 
a  500  mile   radius  of  St.     Louis   (Ref  59,  81). 

The  Alburn  Incinerator  unit  handles  liquids  and  pumpable  sludges.  The 
unit  is  running  at  a  state-limited  capacity  of  5000  gallons/day.  Alburn 
is  planning  on  increasing  the  capacity  to  24,000  gallons/day;  however,  the 
unit  is  undergoing  permit  difficulties  with  the  state.  Chlorinated  solvents 
are  blended  with  other  wastes  in  order  to  meet  the  operating  limitation  of 
6  percent  chlorine  by  weight   (Ref  61). 

Excess  Capacity 

It  is  difficult  to  determine  the  current  excess  capacity  and  future 
excess  capdcity  of  commercial  incinerators  in  Illinois.  These  depend  upon 
meeting  permitting  requirements  in  the  present  and  future.  At  this  time  there 
is  more  than  enough  excess  capacity  to  successfully  destroy  the  quantity  of 
chlorinated  solvents  currently  being  landfilled  in  Illinois.  Over  3  million 
gallons  of  excess  capacity  currently  exists  for  chlorinated  solvents,  allowing 
for  maximum  halogen  content  that  can  be  accepted  by  each  incinerator. 

2.3.3  Other  Facilities 

Illinois  does  not  have  any  other  commercial  facilities  permitted  to  treat 
or  dispose  of  chlorinated  solvents.  There  is  one  non-commercial  deep-well 
injection  unit  that  disposes  chlorinated  pesticides  but  not  chlorinated 
solvents. 
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2.3.4  Cost  of  Alternatives 

Solvent  reclamation  does  not  normally  cost  the  generator,  it  actually 
saves  money  in  buying  replacement  solvents.  Assuming  that  45  percent  of 
a  recyclable  solvent  can  be  reclaimed,  and  that  the  generator  can  save  $60 
on  a  drum  of  solvent,  the  generator  can  save  $27  per  drum  of  recycled  solvent 

(Ref  54). 

Incineration  prices  charged  by  the  three  commercial  facilities  varied 
considerably  from  $40  to  $194  per  drum  (Ref  59,  61,  72).  Prices  between  $106 
and  $194  are  consistent  with  literature  values.  This  is  considerably  higher 
than  the  current  cost  of  landfilling  of  $40  per  drum. 

2.3.5  Environmental  Consequences  of  Alternatives 

Solvent  reclamation  processes  recover  approximately  45  percent  of  the 
waste  solvent.  The  remaining  55  percent  becomes  waste  sludge  containing  over 
50  percent  solvent.  Only  liquids  or  nonmixtures  are  usually  accepted  for 
recycling  by  reclamation  facilities.  Solvent  recycling  is  a  volume  reduction 
cost  saving  technique  applicable  to  only  a  fraction  of  the  chlorinated  solvent 
wastes  currently  being  landfilled.  Air  emissions  result  from  storage  and 
handling,  mechanical  separation,  and  purification  steps.  Emissions  from  the 
recycling  of  waste  solvents  include  hydrocarbons  and  particulates  (Ref  83)  and 
are  probably  no  greater  than  emissions  of  hydrocarbons  and  particulates  from 
land  disposal  while  mixing  with  general  refuse  and  prior  to  daily  cover  of  the 

landfill. 

Incineration  of  the  remaining  wastes  and  waste  sludges  (from  distillation 
sludges)  eliminates  essentially  all  chlorinated  hydrocarbons.   Wastewaters 


[42] 


containing  nigh  concentrations  of  total  dissolved  solids  can  be  pretreated 
before  disposal  at  a  publicly  owned  treatment  plant.  Remaining  ash  from  the 
incinerator  may  contain  up  to  3  percent  contaminants  such  as  heavy  metals. 
These  can  be  landfilled  in  a  hazardous  waste  disposal  facility.  One  article 
reviewed  described  the  ash  as  a  glass-like  slag  which  contained  contaminants 
such  as  heavy  metals  in  a  nonleachable  form  (Ref  97).  Only  incinerators  that 
operate  at  99.99  percent  plus  efficiency  can  legally  receive  chlorinated 
solvents,  making  incineration  combined  with  some  solvent  reclaiming  an 
environmentally  safe  and  desirable  alternative  with  minimum  waste  generation 
and  minimum  possibilities  for  release  into  the  environment. 
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3.0  BENEFITS 

In  the  following  section  an  attempt  has  been  made  to  identify  the 
benefits  that  can  be  expected  to  arise  should  the  proposed  regulation  to 
prohibit  the  landfill  disposal  of  chlorinated  solvents  be  implemented,  the 
groups  that  would  be  likely  to  receive  those  benefits,  and  the  magnitude  of 
the  benefits.  Some  of  the  benefits,  particularly  those  related  to  protection 
of  human  life  and  health,  quantification  of  the  magnitude  of  the  benefits  was 
not  considered  possible  at  this  time  in  large  part  due  to  the  uncertainties 
that  surround  the  probabilities  that  events  would  occur  that  would  endanger 
human  1 ife  or  health. 

3.1  IDENTIFICATION  OF  IMPACTED  POPULATION 

Several  groups  may  be  expected  to  be  the  primary  recipients  of  those 
benefits  arising  from  the  implementation  of  a  regulation  to  prohibit  the 
landfilling  of  chlorinated  solvents  (USEPA  Hazardous  Waste  Numbers  F001 
and  F002).  These  groups  include: 

o  Persons  residing  near  and  persons  working  at  landfills  that 
currently  accept  chlorinated  solvent  wastes  for  disposal; 

o  Groups  that  consume  water  from  either  ground  or  surface i  water 
sources  that  could  potentially  be  contaminated  by  those  wastes, 

o  Owners  and  operators  of  incinerators  capable  of  disposing  of 
chlorinated  solvents; 

o  Owners  and  operators  of  solvent  reclamation  facilities  that  have  the 
capacity  to  accept  increased  quantities  of  M*™*?**0!™* 
suitable  for  reclamation  that  are  currently  being  landfilled, 

o    Owners  and  operators  of  firms  engaged  in  the  transport  of  hazardous 

wastes ; 
o    Those  firms  which  generate  waste  solvents  and  those  firms  engaged  in 

the  landfilling  of  those  wastes  (this  group  is  also  included  in  the 

cost-impacted  population,  see  Section  4.1);  and 
o    Agencies  of  the  Illinois  state  government  responsible  for  the 

enforcement  of  hazardous  waste  regulations. 
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The  benefits  that  each  of  these  groups  may  be  expected  to  receive  will  vary  as 
to  their  nature  and  magnitude.   The  following  discusses  these  factors. 

3.2  ESTIMATED  NATURE  AND  MAGNITUDE  OF  BENEFITS 
3.2.1  Nature  of  the  Benefits 

It  is  anticipated  that  the  benefits  that  could  be  derived  from 

implementation  of  a  ban  on  landfilling  of  chlorinated  solvents  would  be: 

o  A  decrease  in  the  exposure  of  the  population  residing  near  landfills 
currently  accepting  chlorinated  solvents  for  disposal  to  those 
wastes  and  a  concomitant  reduction  in  the  risk  that  their  health  may 
be  impaired  as  a  result  of  these  wastes  entering  the  environment. 

o  An  increase  in  the  revenues  of  firms  providing  solvent  reclamation, 
incineration,  and  transportation  services. 

o  A  decrease  in  the  administrative  expense  to  the  State  of  Illinois  in 
the  enforcement  and  monitoring  of  hazardous  waste  regulations. 

o  Reduction  in  the  potential  for  potable  water  supply  contamination 
resulting  from  the  leaching  and  migration  of  wastes  from  landfills. 

o  A  decrease  in  the  liability  incurred  by  both  generators  of  the 
wastes  and  landfill  operators  by  reducing  the  potential  for 
environmental  degradation  from  these  wastes. 

o  An  increase  in  the  potential  serviceable  life  of  the  landfills 
currently  receiving  these  wastes. 

The  estimated  magnitude  of  these  benefits  and  the  relationship  to  the 

recipient  group  is  discussed  below.   It  is  not  expected  that  the  proposed 

regulation  will  result  in  benefits  to  recreation  except  by  decreasing  the 

probability  that  surface  water  could  become  contaminated  and  result  in  an 

impairment  of  the  use  of  those  water  bodies  for  recreational  purposes. 
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3.2.2     Estimated  Magnitude  of  Benefits 

Many  of  the  wastes  identified  in  the  regulation  have  been  identified 
by  the  USEPA  as  being  of  a  toxic  nature.  Among  these  wastes  are  tetra- 
chloroethylene,  trichloroethylene,  methylene  chloride,  1,1,1-trichloroethane, 
carbon,  tetrachloride,  chlorobenzene,  orthochlorobenzene,  1,1,1-trichloro- 
1,2,2-trifluoroethane,  and  tri chl oro-f 1 uoromethane.  In  addition  to  the 
toxicity  identified  with  these  wastes,  many  have  also  been  identified  as  or 
are  suspected  of  being  carcinogens.  The  toxicity  of  these  wastes  is  discussed 
in  Section  2.1.4.  The  banning  of  the  landfill  disposal  of  these  wastes  would 
reduce  the  exposure  of  the  population  residing  near  landfills  that  accept  them 
and,  thus,  reduce  the  risk  of  that  population  to  incurring  the  associated 
health-related  effects. 

Closely  related  to  the  reduced  risk  to  humans  from  the  banning  of 
landfilled  chlorinated  solvents  is  the  reduced  potential  for  these  wastes  to 
contaminate  sources  of  potable  water.  Water  supplies  are  considered  to  be 
among  the  most  prevalent  routes  for  human  exposure  to  hazardous  wastes 
(Ref  56).  Wastes  enter  these  water  supplies  either  through  leaching  into 
ground  water  or-by  runoff  into  surface  waters.  The  encapsulation  of  solvents 
in  steel  drums  provides  a  measure  of  protection;  however,  corrosion  of  the 
drums  may  eventually  allow  the  release  of  solvents.  The  persistence  of  the 
wastes,  discussed  in  Section  2.1.4,  has  been  found  to  be  very  high,  as  has 
their  mobility  in  the  environment.  Cessation  of  landfilling  of  these  wastes 
would,  thus,  reduce  the  potential  for  their  entry  into  ground  and  surface 
water  supplies.  The  ash  from  incineration  does,  however,  contain  hazardous 
constituents   that    would   be    landfilled.      These    constituents    are   present   in   a 
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form  that  does  not  avail  itself  to  leaching  and,  thus,  does  not  appear  to 
present  as  great  a  risk  as  does  landfilling  of  solvents. 

As  was  stated  earlier,  data  are  often  lacking  or  incomplete  regarding 
the  toxicity  of  these  wastes  relative  to  exposures  of  humans  to  low 
concentrations.   Compounding  this  data  problem  is  the  lack  of  a  widely 
accepted  methodology  for  valuation  of  either  loss  of  life  or  impairment  of 
human  health.   Among  the  approaches  that  have  been  suggested  for  valuation 
of  human  life  are  the  human  capital  approach  (which  is  based  on  the  future 
earnings  potential  of  the  individual),  the  insurance  approach  (based  on 
the  value  of  the  life  insurance  held  by  the  individual),  the  court  awarded 
compensation  approach  (based  on  the  amount  awarded  by  the  courts  for  fatal 
accidents),  the  implicit  value  approach  (where  each  life  is  valued  based  upon 
past  decisions  affecting  mortality),  the  portfolio  approach  (where  changes 
in  risk  are  compared  to  the  range  of  risks  confronting  society),  and  the 
willingness  to  pay  approach  (which  values  life  on  the  basis  of  the  willingness 
to  pay  for  reductions  in  risk)  (Ref  82).   While  each  of  the  approaches 
contains  inherent  methodological  difficulties,  it  is  interesting  that  several 
arrived  at  $200,000  as  the  value  of  a  life.   In  the  case  of  valuation  of 
human  health,  most  approaches  resemble  the  human  capital  approach,  adjusted 
for  medical  expenses.   As  an  example,  medical  expenditures  for  severe  kidney 
ailments  (which  have    been  associated  with  some  of  the  listed  wastes)  have 
been  estimated  at  $72,000  (for  a  kidney  transplant)  to  $200,000  (for  hospital 
administered  dialysis)  (Ref  3).   Among  the  primary  problems  associated 
with  the  various  approaches  to  health  impairment  are  the  inabilities 
of  the  approaches  to  compensate  for  suffering  and  the  difficulties  of 
valuation  of  non-wage  earners.   In  the  absence  of  epidemiological  data  and 


[47] 


in  light  of  the  methodological  difficulties  associated  with  the  various 
approaches  to  valuation,  the  quantification  of  benefits  associated  with  the 
reduction  in  risk  exposure  is  not  possible.  It  should,  however,  be  noted  that 
the  five  landfills  in  Illinois  that  currently  receive  chlorinated  solvents  are 
located  in  Chicago,  Joliet,  Schaumburg,  Sheffield,  and  Peoria,  with  those 
facilities  in  Joliet  and  Chicago  representing  over  75  percent  of  the  total 
volume  disposed.  Thus,  it  would  appear  that  reducing  the  potential  for  human 
exposure  at  these  sites  would  conceivably  benefit  a  large  portion  of  the 

population  of  Illinois. 

Reduction  in  the  potential  for  ground  water  contamination  could  provide 
significant  benefits  through  avoidance  of  costs  to  clean  up  a  contaminated 
aquifer.  In  1979,  the  cost  associated  with  emergency  containment  and  cleanup 
was  estimated  to  be  $3.2  million  per  site  (Ref  3). 

The  implementation  of  the  proposed  regulation  would  also  result  in  a 

transfer  of  income  from  those  firms  which  operate  landfills  to  those  which 

operate  incinerators  or  solvent  reclamation  facilities.   This  loss  of  income 

to  landfill  operators  would,  in  part,  be  offset  by  the  reduced  likelihood  of 

damage  suits  and  liability  for  corrective  actions  that  would  be  required 

should  the  banned  waste  be  found  to  be  entering  ground  water  supplies. 

An  example  of  the  magnitude  of  this  liability  may  be  found  in  the  case 

of  the  Love  Canal  dumpsite,  where  cleanup,  containment,  and  evacuation  of  the 

residents  has  resulted  in  the  expenditure  of  $125  million  which  does  not 

represent  a  final  cost  (Ref  3). 

This  reduced  liability  would  be  shared  by  both  generators  and  landfill 
operators  and  would  probably  be  reflected  in  the  rates  paid  by  those  firms 
for  environmental  impairment  insurance.   Another  group  that  would  experience 
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an  increase  in  revenues  are  the  transporters  of  the  wastes.  While  the  primary 
destination  would,  under  the  implementation  of  this  regulation,  shift  from 
landfills  to  either  solvent  reclamation  facilities  or  incinerators,  the 
wastes  generated  by  incineration  would  require  transportation  to  lanfills 
thus  increasing  the  total  cost  of  haulage.  Based  upon  the  location  of  the 
incinerators  and  an  average  cost  of  $1.25  per  mile  to  transport  the  materials, 
it  is  estimated  that  the  benefit  to  transporters  would  range  between  $1,500 
and  $5,000,  depending  on  the  volume  of  wastes  transported.  This  assessment 
assumes  that  the  transporter  would  utilize  6,000  gallon  trucks;  should  smaller 
trucks  be  utilized,  then  the  benefit  to  the  transporters  could  range  as 
high  as  $13,000.  This  is  due  to  the  greater  number  of  trips  that  would 
be  required. 

An  analysis  of  the  income  transfers  and  costs  of  disposal  is  presented 
in  Section  4.2. 

It  is  possible  that  the  costs  of  enforcement  of  hazardous  waste 
regulations  by  state  agencies  would  also  be  reduced.  This  reduction  would 
arise  from  the  implementation  of  an  unambiguous  rule  that  would  allow 
enforcement  officials  to  avoid  the  time  consuming  monitoring  of  chlorinated 
solvent  waste  streams  by  generator  size  and  by  whether  the  waste  disposed 
is  in  a  liquid  or  solid  form.  By  stating  the  disposal  regulation  in  such 
unambiguous  terms  as  the  prohibition  of  landfilling  all  chlorinated  solvents, 
enforcement  action  would  be  initiated  by  the  identified  or  suspected  presence 
of  the  waste  at  a  landfill  site.  The  savings  that  would  be  attributable  to 
this  regulation  dre  not  readily  identifiable;  however,  it  is  likely  that  they 
will  exceed  the  $0.01  per  gallon  that  is  currently  levied  against  the  landfill 
operator.   This  loss  of  revenue  to  the  State  would  be  $1,240,  assuming 
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the  1982-volume  case,  and  $4,100,  assuming  the  1980-volume  case.  If  the 
regulation  reduces  the  amount  of  time  required  by  State  officals  to  monitor 
the  activities  of  five  landfills  by  one  man-year,  the  net  benefit  would 
be  between  $46,760  and  $43,900,  depending  on  the  volume  of  wastes.  This 
estimation  of  benefit  assumes  that  a  cost  to  the  State  of  $4,000  per  man-month 
(a  figure  consistent  with  the  average  wage  as  recorded  by  the  Department  of 
Commerce  and  Community  Affairs),  or  $48,000  per  year  (with  the  inclusion  of 
overhead  and  payroll   costs  and  support  costs). 

3.3     SECONDARY  BENEFITS 

The    secondary    benefits    that    may    accrue   as    a    result   of   the   proposed 
regulation  are  not  anticipated  to  be  of  significance. 
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4.0  COSTS 

The  following  analysis  of  the  costs  associated  with  the  implementation 
of  the  proposed  regulation  is  based  upon  an  examination  of  current  landfill 
disposal  costs,  an  estimate  of  the  quantities  of  wastes  that  would  require 
disposal,  and  the  examination  of  feasible  alternatives  to  landfill  disposal  of 
chlorinated  solvents.  The  projection  of  the  quantities  of  wastes  that  are 
likely  to  require  disposal  utilizes  the  amounts  generated  in  1982  as  lower 
range  estimates  and  the  amounts  generated  in  1980  as  upper  range  estimates. 
It  was  felt  that  this  would  adequately  reflect  both  the  effects  of  reduced 
economic  activity  that  is  currently  being  experienced  and  the  effects  of  other 
regulations  on  the  quantities  of  wastes  being  generated.  The  costs  are,  thus, 
presented  as  ranges  within  which  the  future  cost  of  the  regulation  can  be 
expected  to  fal 1 . 

4.1   IDENTIFICATION  OF  THE  COST-IMPACTED  P0P0LATI0N 

Two  groups  comprise  the  population  that  will  primarily  be  cost-impacted 
by  the  proposed  regulation:  those  who  generate  chlorinated  solvents  for 
disposal  in  landfills  and  the  owners  and  operators  of  landfills  receiving 
chlorinated  solvents  as  waste  streams.  Through  the  increased  costs  of 
disposal  that  would  be  incurred  by  these  groups  in  the  event  of  the  regulation 
prohibiting  the  landfilling  of  chlorinated  solvents,  another  group,  those  who 
are  consumers  of  the  goods  and  services  produced  by  the  generators,  will  also 
be  impacted,  primarily  through  increases  in  the  prices  sought  for  those  goods 
and  services. 
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The  following  section  describes  the  nature  of  the  cost  impacts  that  are 
likely  to  be  realized  through  the  implementation  of  this  regulation  and  the 
magnitude  of  those  cost  impacts. 

4.2  NATURE  AND  MAGNITUDE  OF  COSTS 
4.2.1  Nature  of  Costs 

Records  of  the  listed  wastes  and  estimates  of  the  halogenated  portion 
of  those  wastes  indicate  that,  in  1982,  approximately  124,000  gallons  of 
chlorinated  solvents  were  landfil led.  This  is  a  significant  decrease  from  the 
1980  volume  of  410,000,  due  in  part  to  two  significant  events  during  the 
interim.  First,  the  State  of  Illinois  prohibited  the  disposal  of  chlorinated 
solvents  in  a  free-liquid  form  in  1982  and,  second,  the  overall  quantity  of 
wastes  has  decreased  in  response  to  the  slowing  of  the  economy  as  a  result  of 
the  current  recession.   In  light  of  the  first  event,  it  appears  unlikely  that 
the  1980  volume  will  be  reached  in  the  absence  of  significant  growth  in  the 
economy,  particularly  in  those  sectors  responsible  for  the  generation  of 
chlorinated  solvent  wastes.  The  groups  responsible  for  much  of  the  generation 
of  these  wastes  include  dry  cleaning,  metal  fabricating  and  finishing,  primary 
metals  production,  machinery,  electrical  equipment,  and  transportation 
equipment.   These  groups  utilize  chlorinated  solvents  as  cleaning  and 

degreasing  agents. 

The  primary  impact  to  this  group  of  waste  generators  resulting  from 
the  proposed  regulation  will  be  to  increase  their  cost  of  disposal,  an 
increase  which  can  be  expected  to  be  passed  through  to  consumers  whenever 
possible.  The  magnitude  of  this  cost  impact  is  discussed  below. 
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The  second  group  that  will  be  impacted  by  the  proposed  requlation  are 
the  owners  and  operators  of  landfills  accepting  chlorinated  solvent  wastes. 
This  group  will  lose  that  portion  of  their  revenue  that  was  derived  from  the 
disposal  of  those  wastes.  Also  losing  revenue  will  be  the  State  of  Illinois 
which  charges  fees  to  landfill  operators  based  on  the  volume  of  wastes 
disposed.  The  monies  derived  from  the  buying  of  these  fees  are  distributed  to 
the  State  Hazardous  Waste  Fund  (75  percent)  and  to  the  State  Hazardous  Waste 
Research  Fund  (25  percent)  (Ref  13). 

4.2.2  Magnitude  of  Costs 

As  stated  above,  124,000  gallons  of  chlorinated  solvents  are  estimated 
to  be  disposed  of  at  landfills  in  1982.  Based  upon  a  survey  conducted  to 
determine  the  current  cost  of  landfilling,  it  has  been  estimated  that  the 
average  cost  is  $40  per  55-gallon  drum;  although  some  estimates  range  as  low 
as  $30  per  drum.  Thus,  it  is  estimated  that  the  current  cost  to  industry  to 
landfill  chlorinated  solvent  is  $90,000  (124,000  gallons  per  year  divided  by 
55  gallons  per  drum  times  $40  per  drum).  The  upper  bound  of  the  cost  to 
industry,  under  the  assumption  that  the  1980  volume  is  an  upper  limit  that  is 
realizable  in  the  near  future,  to  landfill  chlorinated  solvents  would  be 
$300,000  (410,000  gallons  per  year  divided  by  55  gallons  per  drum  times  $40 
per  drum).   Both  of  these  estimates  are  exclusive  of  transportation  costs. 

An  equal  allocation  of  these  costs  to  the  population  of  generators 
(the  population  is  930)  would  result  in  an  annual  cost  to  each  firm 
(irrespective  of  volume  generated)  of  $97,  under  the  1982-volume  generated 
case,  and  $322  under  the  1980-volume  generated  case. 
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The  revenues  derived  by  landfill  operators  to  dispose  of  chlorinated 
solvents  in  1982  is  expected  to  be  $90,U00  (see  above).  There  are  6  landfills 
in  the  State  of  Illinois  permitted  to  receive  chlorinated  solvent  wastes, 
although,  in  practice,  only  five  sites  do  so.  These  sites,  the  volumes  that 
each  handle,  and  the  estimated  revenue  losses  are  shown  in  Table  5. 

The  volume  of  revenue  loss  attributable  to  implementation  of  the  proposed 
regulation  snould  be  considered  in  light  of  the  total  volume  of  hazardous 
wastes  landfilled  at  those  sites.  It  has  been  estimated  that  the  volume  of 
wastes  disposed  in  1980  was  almost  95  million  gallons,  while  in  1982  the 
volume  was  estimated  to  be  29  million  gallons.  Thus,  chlorinated  solvents 
represent  0.4  percent  of  the  wastes  being  landfilled  in  Illinois. 

The  State  of  Illinois  will  also  lose  revenues  by  the  implementation 
of  this  proposed  regulation.   It  collects  a  fee  of  $0.01  per  gallon  of  waste 
disposed  from  operators  of  hazardous  waste  facilities.   It  is  estimated  that 
the  revenue  loss  to  the  state  would  range  between  $1,240  and  $4,100  per  year, 
depending  on  the  volume  of  chlorinated  solvents  generated  but  not  landfilled. 
It  should  be  noted  that  under  the  provisions  of  P.L.  82-572,  landfilling  in 
the  State  of  Illinois  will  be  prohibited  after  1987  unless  a  demonstration  is 
made  tnat  no  other  feasible  alternative  to  that  method  of  disposal  exists. 
In  the  absence  of  further  regulation  of  landfill  practices  by  the  State 
of  Illinois,  the  Interim  Standards  developed  by  USEPA  will  apply.  Under  the 
provisions  of  these  standards,  the  costs  per  drum  of  landfilling  will  increase 
to  $45/drum  if  detection  monitoring  is  instituted;  to  $55/drum  if  compliance 
monitoring  is  instituted;  and  between  $65  to  $75/drum  if  corrective  action  is 
found  to  be  required  (Ref  44). 
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Alternatives  to  Landfilling 

In  the  State  of  Illinois,  tnere  are  two  existing  feasible  alternatives 
to  landfilling  of  chlorinated  solvents:  solvent  recovery  and  incineration  of 
wastes.  In  the  event  that  increased  use  is  made  of  solvent  recovery,  the 
sludges  resulting  from  waste  volume  reduction  would  also  be  prohibited  from 
landfills  and,  thus,  would  need  to  be  incinerated. 

The  decrease  in  chlorinated  solvents  being  Unfilled  in  Illinois  between 
1980  and  1982  is  partly  attributable  to  an  increase  in  the  solvents  being 
reclaimed.   The  volume  increase  that  could  be  realized  by  the  implementation 
of  a  ban  on  landfilling,  however,  is  difficult  to  assess,  in  part  because 
of  the  stringency  of  the  quality  of  solvents  that  reclaimers  will  accept 
(preferably  liquids  and  non-mixtures  with  high  chlorine  content)  and  the 
demand  for  reclaimed  solvents  will  limit  the  acceptance  of  these  products 
in  the  marketplace.  As  was  stated  in  Section  2.1.3,  approximately  67  percent 
of  the  chlorinated  solvents  currently  Unfilled  are  in  a  liquid  form.   It 
appears  likely  that  a  portion  of  this  (20  percent)  represents  the  upper  limit 
that  reclaimers  would  accept.   Thus,  a  maximum  of  between  25,000  and  82,000 
gallons  per  year  would  be  accepted  under  the  1982-volume  and  1980-volume 
(124,000  gallons  and  410,000  gallons,  respectively)  cases.   The  lower  limit 
would  assume  that  the  market  is  saturated  and  that  no  further  volumes  would  be 
reclaimed.   In  addition,  only  45  percent  of  the  volume  of  the  solvents  are 
reclaimed,  the  remaining  55  percent  are  wastes.  This  will  result  in  89 
percent  of  the  total  solvents  generated  requiring  another  form  of  treatment. 
As  solvent  reclaimers  typically  purchase  waste  solvents  and  resell  the 
recycled  product  to  the  same  firm  at  70  to  80  percent  of  the  cost  of  virgin 
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solvents,  there  is  no  cost  to  the  solvent  generator.   Typical  savings  of 
$30.50  per  drum  were  reported  in  the  survey  made. 

There  are  presently  three  commercial  incinerators  operating  in  the 
State  of  Illinois  which  will  accept  chlorinated  solvents.  The  estimated  cost 
of  incineration  at  these  facilities  is  between  $40  and  $194  per  drum.  These 
estimates  appear  to  be  consistent  with  the  estimates  of  $106  and  $194  per 
drum  quoted  in  the  literature  (Ref  5,  52,  88,  98).  Shown  on  Table  6  are  the 
estimated  costs  of  incineration  of  chlorinated  solvents.   These  estimated 
costs  are  based  on  two  volume  cases  and  on  cases  with  and  without  recycling. 
In  the  recylcing  case,  it  has  been  assumed  that  a  total  of  89  percent  of  the 
total  volume  would  be  incinerated  (that  portion  which  was  not  acceptable  to 
reclaimers  and  the  sludges  from  reclamation).  Also  assumed  in  that  case  would 
be  a  cost  recovery  of  80  percent  of  the  price  of  virgin  solvent  (approximately 
$3.50/gallon).   Another  potential  source  of  cost  reduction  would  be  through 
co-incineration  and  the  sale  of  steam  generated  during  the  combustion  process. 
The  extent  and  degree  to  which  a  market  exists  for  such  sales,  however,  is 
somewhat  doubtful  in  light  of  its  not  having  been  implemented  by  the  operators 
of  these  incineration  facilities. 

4.3  SECONDARY  ECONOMIC  BENEFITS 

It  is  anticipated  that,  given  the  small  magnitude  of  the  estimated 
primary  costs,  that  the  secondary  economic  costs  will  not  be  significant. 
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TABLE  6 
ESTIMATED  COSTS  OF  ALTERNATIVES 

ESTIMATED  1982-        ESTIMATED  1980- 

VOLUME  CASE  VOLUME  CASE 

(124,000  gallon/year)   (410,000  gallon/year) 

All  wastes  direct  to  $240,000  $790,000 

incinerator  no  recycling 

$106/drum 

All   wastes  direct  to  $440,000  $1,450,000 

incinerator  no  recylcing 

$194/drum 

20  Percent  wastes  recycled  $165,000  $545,000 

80  percent  direct  to 
incinerator  $106/drum 

20  Percent  wastes  recycled  $340,000  $1,130,000 

80  percent  dfirect  to 
incinerator  $194  drum 


Mote-     The  data  presented  in  this  table  were  obtained  from  IEPA  files 
and  discussions  with  IEPA  officials  and  the  landfill   operators. 
The  costs  presented  in  this  table  may  contain  slight  differences 
due  to  round  off  of  quantities  in  intermediate  steps.     See 
Section  4.2.2  for  a  discussion  of  how  the  calculations  were 
performed. 
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5.0     COMPARISON  OF  BENEFITS  AND  COSTS 
5.1     SUMMARY  OF  BENEFITS  AND  COSTS 

As  was  shown  in  Chapter  4.0,  the  costs  of  landfilling,  as  currently 
practiced,  are  estimated  to  range  between  $90,000  per  year  and  $300,000  per 
year.  This  assumes  a  disposal  cost  of  $40  per  drum  at  differing  disposal 
quantities.  The  cost  of  incineration  without  any  recycling  of  chlorinated 
solvents  was  estimated  to  range  between  $240,000  and  $1,450,000  depending  on 
the  cost  of  incineration  and  disposal  quantity  assumed.  Thus,  the  incremental 
cost  associated  with  implementing  the  prohibition  may  be  expected  to  be 
$150,000  per  year  for  the  1982-volume  case  of  124,000  gallons  per  year  and 
$1,150,000  for  the  1980-volume  case  of  410,000  gallons  per  year.  These 
ranges  equal  a  potential  incremental  cost  per  gallon  of  waste  disposed  of 
$2.80  under  the  high  cost  incineration  scenario  to  $1.21  per  gallon  under  the 
low  cost  incineration  scenario.  If  these  costs  were  allocated  equally  among 
generators,  of  which  there  are  930,  the  cost  per  year  per  generator  would 
be  incurred  through  a  prohibition  or  the  landfilling  of  those  wastes  is 
negligible  (Ref  45). 

The  total  costs  of  implementing  the  proposed  regulation  to  prohibit 
the  landfilling  of  chlorinated  solvents  are  largely  dependent  on  the 
quantities  of  wastes  to  be  disposed  and  the  costs  of  the  disposal  methods 
available  as  alternatives  to  landfilling.  As  discussed  in  previous  sections, 
the  quantity  of  chlorinated  solvents  landfilled  in  Illinois  declined  from 
410,000  gallons  in  1980  to  124,000  gallons  in  1982;  the  result  of  a  ban  on  the 
landfilling  of  free  liquids  in  1982  and  the  current  recession,  which  has 
reduced  the  quantities  of  solvents  being  generated.     This  range  represents  the 
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minimum  and  the  maximum  quantities  that  are  likely  to  be  generated  in  Illinois 
prior  to  the  implementation  of  a  ban  on  landfilling.  It  is  unlikely  that  the 
upper  bound  will  be  reached,  however,  given  the  expected  slow  rate  of  recovery 
being  forecast  for  the  economy.  To  achieve  410,000  gallons  of  wastes  to  be 
disposed  from  the  current  level  of  124,000  gallons  would  require  a  growth  rate 
in  excess  of  15  percent  per  year  throughout  the  1980' s. 

In  addition  to  the  technological  alternatives  to  the  landfilling  of 
waste  solvents,  there  exists  several  institutional  alternatives.  Among  which 
are  the  subsitution  of  alternative  products  by  the  users  of  solvents  increased 
use  of  the  Waste  Exchange  that  has  been  established  by  the  state  of  Illinois, 
and  increased  use  of  specialty  suppliers  of  solvents.   The  substitution  of 
other  products  for  chlorinated  solvents  does  not  appear  to  be  very  likely 
unless  the  costs  of  disposal  become  extremely  high.   Increased  use  of  the 
Waste  Exchange  is  likely  only  to  the  extent  that  a  market  exists  for  those 
products.   It  is  likely,  however,  that  increased  use  of  specialty  suppliers 
(those  firms  that  supply  the  consumer  with  unmixed  solvents  and  retain 
complete  responsibility  for  their  product,  including  transport,  reclaiming, 
and  ultimate  disposal).   This  may  be  attractive  to  consumers  who  wish  to 
divest  themselves  of  responsibility  for  the  disposition  of  the  solvents 
although  retain  responsibility  only  for  preventing  negligence  at  their 

facility. 

The  benefits  that  would  be  expected  to  accrue  and  the  groups  that  would 
be  the  primary  recipients  of  those  benefits  are  discussed  in  Chapter  3.0 

and  may  be  summarized  as: 

o  A  decrease  in  the  exposure  of  the  population  residing  near  landfills 
currently  accepting  chlorinated  solvents  for  disposal  to  those 
wastes  and  a  concomitant  reduction  in  the  risk  that  their  health  may 
be  impaired  as  a  result  of  these  wastes  entering  the  environment. 
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o  An  increase  in  the  revenues  of  firms  providing  solvent  reclamation, 
incineration,  and  transportation  services. 

o  A  decrease  in  the  administrative  expenses  to  the  State  of  Illinois 
in  the  enforcement  and  monitoring  of  hazardous  waste  regulations. 

o  Reduced  potential  for  potable  water  supply  contamination  resulting 
from  the  leaching  and  migration  of  wastes  from  landfills. 

o  A  decrease  in  the  liability  incurred  by  both  generators  of  the 
wastes  and  landfill  operators  by  reducing  the  potential  for 
environmental  degradation  from  these  wastes. 

o  An  increase  in  the  potential  serviceable  life  of  the  landfills 
currently  receiving  these  wastes. 

The  difficulties  that  are  associated  with  valuation  of  these  benefits  are 

described  in  Section  3.0.   Many  are  directly  related  to  the  probability  of  a 

contaminating  event  occurring  and,  thus,  are  dependent  on  the  degree  to  which 

the  decision-making  body  ad  the  general  population  are  risk-averse  (that  is, 

the  degree  to  which  the  community  desires  to  avoid  the  problems  associated 

with  waste  disposal).   In  general,  the  reduced  administrative  expense  to  the 

state  of  Illinois  approaches  the  increased  cost  that  would  result  assuming  the 

lower  quantity  generation  of  1982  ($50,000  versus  $150,000).  The  avoidance  of 

any  of  the  potential  problems  would  significantly  increase  this  amount. 

5.2  DISTRI60TI0NAL  EFFECTS 

The  primary  distributional  effects  resulting  from  implementation  of 
the  proposed  regulation  are  the  transfer  of  income  from  the  owners  and 
operators  of  landfills  to  the  owners  and  operators  of  incinerators  and  solvent 
reclamation  facilities,  which  are  discussed  in  Section  4.0  of  this  report, 
and  the  distribution  of  cost  increases  among  the  users  of  chlorinated  solvents. 
It  has  been  estimated,  based  upon  lists  of  generators  of  wastes  in  the  State 
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of  Illinois,  that  six  industries  account  for  70  percent  of  the  waste  solvents 
generated.  These  industries  are:  chemicals  and  allied  products  (55  percent), 
petroleum  refining  (6  percent),  primary  metals  (6  percent),  fabricated  metals 
(1.1  percent),  machinery  (3.5  percent),  and  electrical  equipment  (1  percent), 
the  diversity  of  these  industries  and  the  numbers  of  companies  engaged  in  each 
do  not  indicate  that  a  small  group  of  firms  will  bear  an  inordinate  share  of 
the  increased  cost. 
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